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DOMINANT ALBINISM 


Figure 1 


Two family groups in the “M” family showing in the upper photo (.4) the albino mother 
(M III-3—See Chart, Figure 7), the pigmented father (M III-5) and one of the four albino 
children (M IV-5). B shows the mother and her five children, four of them albino (from left to 
right, M IV-5, M IV-4, M IV-3, M IV-1, and M IV-2). For three generations albinism has 
been inherited as a dominant characteristic in this family, in contrast to the more usual recessive 
inheritance. An aunt of the husband, M II-8, is at the left. 


4 
2 
f 


ALBINISM IN NEGROES 


ALAN C, PIPKIN AND SARAH BEDICHEK PIPKIN 
Tulane University and the North Texas Agricultural College 


LBINISM has not been investi- 
A gated as thoroughly in the negro 
as in the white race. The most 
extensive account of albinism in all races 
is found in the famous monograph by 
Pearson, Nettleship, and Usher.!° Al- 
binism in both negroes and whites has 
generally proven to be dependent upon 
an autosomal recessive gene. Evidence 
for recessive albinism in negroes is 
found in numerous pedigrees given by 
Pearson, Nettleship, and Usher ;!° a case 
reported by Frédéric® and one by Trager 
(quoted by Frédéric®), one case by At- 
gier,! Blaschko,? Daniel,t Wakefield and 
Dellenger,!? and two cases by McCrack- 
in.8 The Davenports® showed recessive 
albinism in negroes to be allelic with re- 
cessive albinism in the white race since 
a marriage of a negro albino with a white 
albino yielded an albino child. Cock- 
ayne® has pointed out that albinism in a 
family of mixed negro and white ances- 
try described by Musser® is apparently 
dependent upon an irregular dominant 
gene. Blaschko? cited a similar case in 
negroes originally described by Farabee. 
Seligmann!! described a pedigree of al- 
binism in. Melanesians which appears to 
be due to an irregular dominant gene 
unless considerable inbreeding has oc- 
curred. Among Pearson, Nettleship, and 
Usher’s pedigrees involving white race 
albinos, numbers 179, 192, 138, and 188 
indicate an irregular dominant type of 
inheritance ; and number 226 suggests a 
dominant inheritance of albinism. In the 
same monograph, among negro albino 
pedigrees, number 295 shows an irregu- 
lar dominant; number 287, a dominant 
type of inheritance. Cockayne* points 
out that pedigree number 48 of Pearson. 
Nettleship, and Usher involves a domi- 
nant albinoidism clinically distinguish- 
able from the usual white race albinism. 
Cockayne further notes that the clinical 
classification of pedigrees 133, 621, and 
352 of Pearson, Nettleship, and Usher 
is doubtful since some members are com- 
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plete and some, incomplete albinos. The 
latter pedigrees involve a dominant type 
of albinism? 

The purpose of this study is to pre- 
sent pedigrees and descriptions of five 
additional negro albino families. 


Analysis of Pedigrees 


Pedigrees of the “W” family, of the 
“B” family, and of the “A” family 
(Figure 2) of the present study show 
albinism to be dependent upon an au- 
tosomal recessive gene. The proportion 
of albino to normal sibs in the combined 
three sibships is five albino to sixteen 
normal sibs. This ratio is close to the 
approximately one to three proportion 
expected. No kinship existed between 
the parents of the albinos in these three 
cases so far as could be determined. The 
albino brother, IV-5, and sister, IV-17 
of the ““W” family are shown in Figures 
3 and 4, respectively. A family group 
including III-3, IV-17, IV-18, and V-12, 
dark child of the albino IV-17 by her 
first husband appear in Figure 3. The 
“W” family pedigree (Figure 2) was ob- 
tained by questioning separately the al- 
bino propositus, IV-17, an alert and co- 
operative woman, and her mother, ITI-3. 
There was a recollection of albinism in 
the paternal ancestry of IV-17. She re- 
calls that her father stated that his great- 
uncle was supposed to have been an 
albino. III-3 and her spouse, III-12, 
parents of the albinos, were reared in 
different communities of the same state. 

The pedigree of the “B” family given 
in Figure 2 was obtained from the prop- 
ositus, III-4, a girl who was rather dull 
mentally. The picture of III-4 is shown 
in Figures 4 C and D. According to the 
statement of the propositus, her mother 
and father were reared in different 
states. III-4 is the only member of the 
“B” family seen by the authors. 

The “A” family pedigree given in 
Figure 2 was obtained from the mother, 
II-5, of the two albino girls. The albinos, 
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Pipkin and Pipkin: Albinism 


THREE GENERATIONS OF THE “W” FAMILY 
Figure 3 
In rear are shown the normally pigmented mother (WIII-3) and her albino daughter 
(W IV-17). In front are the husband of W IV-17 and her daughter (W V-12). Here the 
inheritance is clearly recessive, with mother and child of the albino woman fully pigmented. 


III-2 and III-3 steadfastly refused to be 
photographed for a period of a year. The 
authors have seen all living members of 
generation III and also the parents, II-5 
and II-6. 


Dominant Inheritance 


Contrary to the general rule that al- 
binism is recessively determined, the 
“M” and “J” family pedigrees present- 
ed in Figure 7 indicate a dominant 
inheritance of albinism. In the “M” 


family, the albino line has been un- 
broken for three successive generations. 
From the two marriages of albino with 
nornial in this pedigree, five albino and 
three normal dark children were pro- 
duced. If albinism in the “M” family 
were dependent upon a recessive gene, 
II-4 and III-5, the spouses of the albinos 
II-3 and III-3 must be supposed to be 
heterozygous for albinism. They are said 
to be related neither to one another nor 
to their spouses, according to the state- 
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DIFFERENCES IN FRECKLING 


Figure 4 


The two albino sibs in the “W” family show prominence of freckles on the part of the 
skin exposed to light. These are shown in photograph A on the face and neck of W IV-5. His 
sister W IV-17, has open lesions of the exposed skin in addition to freckles (B). Her eyes 
have an outward squint (divergent strabismus) as well as lateral rolling and nystagmus. The 
single albino in the “B” family (C-D) has canary yellow hair, blue eyes with nystagmus and 
a few freckles. 


a 
op 
At | 
é 
/ 
ll 


Pipkin and Pipkin: Albinism 


423 


IRREGULARLY DOMINANT ALBINISM 


Figure 5 


The propositus of the “J” family (L V-1) and her dark child (J VI-3). Note that the 
mother squints her eyes to avoid the light while the child has his very wide open. 


ments of the propositus, III-3, and her 
husband’s aunt, II-8. It is unlikely that 
both the albino father, II-3, and his al- 
bino daughter, III-3, should each marry 
a person heterozygous for albinism. It 
is more probable that albinism in the 
“M” family is caused by a dominant 
gene. If 0.0001 is taken as a rough esti- 
mate of the frequency of recessive al- 
binism in the United States, as the Dav- 
enports® suggest, then the approximate 
frequency of heterozygotes in the gen- 
eral population is 0.0198. The frequency 


of marriages between albino and hetero- 
zygote is 0,00000198. That this type of 
marriage should occur in two successive 
generations in the absence of consan- 
guineous marriages is extremely im- 
probable. 

The sources of information for the 
“M” family pedigree were the proposit- 
us, III-3, and her husband’s aunt, II-8. 
Pictures of III-3, II-8, and the four al- 
bino and one normal children of ITI-3 
are shown in Figure 1B. Figure 14 
shows the albino mother, III-3, and her 
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CHILDREN OF THE “M” FAMILY 
Figure 6 


A—M IV-3 has bluish brown eyes, straw yellow hair, and no freckles. B—M IV-4 re- 
sembles her brother in skin and hair characteristics. The squint is due to photophobia, which 
all albinos in this family showed, even though some pigment was present in the iris. C—M IV-5 
was cross-eyed (medial strabismus), as well as exhibiting slow lateral rolling of the eyes 
(nystagmus) which is characteristic of all these albinos. D—shows an albino (M IV-1) and 
his normally pigmented sib (M IV-2). There is a startling similarity in many of the cranial 
characteristics other than in color. 
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DOMINANT INHERITANCE OF ALBINISM 
Figure 7 
In the “M” family, albinism is inherited for three generations as a typical dominant Men- 
delian trait. In the “J” family, albinism has appeared in alternate generations. This could be 
accounted for on a recessive basis by assuming that J II-3 and J IV-10 both married carriers 
of recessive albinism. The chances against this are very great (see text, page 423). 


normal dark spouse, III-5, and _ their 
youngest albino child, IV-5. Albino chil- 
dren IV-3, IV-4, and IV-5 are presented 
in Figure 6. 

Albinism in the “J” family (Figure 7) 
appears to be caused by an irregular 
dominant gene. This pedigree is similar 
to one given by Musser.® In the “J” 
family, albinism occurs in the I, III, and 
V generations. No consanquinity was 
admitted between III-7 and III-8 or be- 
tween IV-8 and IV-10. Information of 
the pedigree was obtained from the 
propositus, V-1, and her half aunt, IV- 
11. The propositus, V-1 and her dark 
child, VI-3 are shown in Figure 5. 


Description of the Albinos 


The eleven albinos observed con- 
formed in general appearance to descrip- 
tions of negro albinos given by previous 
authors. A chart showing eye, hair, and 


skin characteristics of each albino is 
given in Table I. Opthalmoscopic ex- 
aminations have not yet been made. Re- 
sults of a detailed microscopic examina- 
tion of the hair will be given in a later 
paper. 

Skin color was as fair in the negro 
albinos as in extremely blond members 
of the white race. In all adults except 
III-4, “B” family (that is, B III-4), 
cinnamon-brown freckles, varying in 
size from that of an ordinary freckle to 
that of a quarter were present on the 
face, neck, and the backs of the arms 
and hands. In heavily concentrated re- 
gions, the freckles were run together. A 
few small freckles had developed in M 
IV-1, an eleven year old albino boy, and 
on the neck of B III-4, a twenty-one 
year old albino girl. 

Exposure to the sun reddened the skin 
in all the negro albinos. In one case, 
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W IV-17, an albino woman 36 years old, 
had suffered with skin lesions for 15 
years in regions exposed to the sun. 
These started as small hyperkeratotic 
areas on face and arms. The lesions 
were small flakes which scaled, itched, 
and bled when scratched. Large elevated 
growths occurred on the face. One 
growth has been removed by cautery 
and radium. The condition of the skin 
of W IV-17 may be seen in Figure 4. 
Skin cancers in regions exposed to the 
sun have been described in negro albinos 
by Brauch (1906) and Watkins-Pitch- 
ford (1924, 1925) (quoted by Loenwen- 
thal’). Pearson, Nettleship, and Usher? 
also mention skin lesions in an albino of 
Malay race. 

Body hair and eyelashes were never 
deeper than pale straw yellow in the al- 
binos observed. Eyebrows were usually 
pale yellow but varied to reddish in one 
case (W IV-17). Head hair ranged 
from almost white, to pale straw yellow, 
to bright canary yellow, to a definite 
reddish color. Axillary and pubic hair 
was light yellow in one case observed 
(B III-4). The face and arms were cov- 
ered in most cases with a fine down. 
Hair texture was fine in all but one in- 
dividual (B III-4). The head hair was 
typically kinky in all cases. Head hair 
appeared no longer or thicker than is 
usual among negroes. 

Iris colors in the negro albinos ap- 
peared blue, bluish-yellow, greenish- 
yellow, and cinnamon-brown, as refer- 
ence to Table I will show. A slow but 
continuous lateral nystagmus was _ in- 
variably present. Similarly every albino 
observed showed photophobia, although 
the amount of pigment in the iris super- 
ficially appeared no less than in many a 
person of the white race or of mixed 
negro and white ancestry. Pupils in each 
case except B III-4 appeared black when 
observed in natural light. The pupils of 
B III-4 appeared purple when so exam- 
ined. Medial strabismus was noted in 
seven cases: B III-4, M III-3, M IV-1, 
M IV-3, M IV-4, M.IV-5, and J V-1. 
In W IV-5 and W IV-17, both eyes 
wandered laterally in addition to the slow 
lateral nystagmus. Medial strabismus 
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may be seen in Figure 6B and C. The 
lateral strabismus of W IV-5 and W IV- 
17 may be seen in Figure 4B and D, re- 
spectively. W IV-17 and B III-4 were 
definitely myopic, but detailed eye exam- 
inations have not been made. 

Violent head movements sometimes 
seen in white race albinos were not no- 
ticeable in the negro albinos, although 
mild compensatory movements of the 
head as a result of the nystagmus were 
observed. 

General health was good in W IV-5, 
who worked in the fields and also in M 
III-3, mother of five children. A III-2 
and A III-3 were excessively fat and 
mentally dull. W IV-17 suffered from 
skin cancer and painful headaches, was 
fat, but mentally alert. B III-4 seemed 
mentally dull and was syphilitic. J V-1 
was normal mentally but in frail health. 
The four albino children of M III-3 ap- 
peared quite healthy. While it is difficult 
to judge the relative intelligence of these 
children because of their youth, the nor- 
mal dark child, M IV-2 was noticeably 
more alert than his older albino brother, 
M IV-1. M IV-3 seemed to be the most 
intelligent of the albino children. 

The albinos of the ‘““W”, “B”, and “A”’ 
families, where albinism is recessively de- 
termined, were similar in general appear- 
ance to those of the “M” and “J” fami- 
lies in which albinism appears to be in- 
herited as a dominant or irregular domi- 
nant gene. 

The authors are greatly indebted to 
Dr. P. J. Thomas, M.D., of Charity Hos- 
pital, New Orleans, Louisiana, for assis- 
tance in locating three of the albino fami- 
lies and for information regarding their 
medical history. 


Summary 


Five new pedigrees of albinism in ne- 
groes are presented. In three pedigrees 
albinism is dependent upon an autosomal 
recessive gene as is usual in both white 
and dark pigmented races. In the other 
two pedigrees albinism appears to be 
dependent upon autosomal dominant and 
irregular dominant genes, respectively. 
Eleven negro albinos observed in the five 
pedigrees have very fair skin which 
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freckles in regions exposed to the sun, 
especially in adults. Hair color varies 
from almost white to canary yellow to 
reddish. Iris color varies from blue to 
hazel to cinnamon-brown. Pupils are 
nearly always black when observed in 
natural light. Nystagmus is always pres- 
ent; strabismus, common. Each of the 
eleven albinos suffered with photophobia. 
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TABLE I. Descriptions of the albinos. 


Pedigree and] Age | Pupil color Iris colcr | Nystagmus [Strabismus | Photophobia] Freckles] Syebrows,| Head hair] Body hair 
individual in natural lashes 
light 
W iIv-5 0a55 black gray-green;| very slow | eyes wander slight large straw straw straw 
yellow laterally freckles} yellow | yellow yellow 
streaks on face, 
neck, 
erms 
W Iv-17 36 black gray-green;| moderately] eyes wander definite | freckles | brows reddish; | straw 
yellow slow laterally and skin | reddish;| fine yellow 
streaks lesions lashes | texture 
on face, |white 
neck, arm: 
B III“ 21 purple pale blue moderately} medial definite | few small | white canary straw 
slow strabisnus| freckles yellow; yellow 
of right on neck texture 
coarse 
A IlI-2 19 black cinnamon- moderately | none very few lar.e | straw canary straw 
brown slow marked freckles | yellow | yellow yellow 
on face 
A III-3 16 black cinnamon= moderately | none very few large | straw canary straw 
brown slow marked fre@kles | yellow | yellow yellow 
on face 
M III-3 29 black greenish- slow, medial very large straw straw straw 
yellow accentuated marked; freckles | yellow | yellow yellow 
with some on the eyes on face 
cinnamone right watered and arms 
brown 
M Ivel 11 black cinnamon- | moderately | medial very frecklem pale pale pale 
brown with | fast’ pronounced; on face | straw straw straw 
narrow gre eyes watered and arma yellow | yellow yellow 
outer | 
M Iv-3 5 black bluish wit! moderately] medial very marked none straw straw pale straw 
narrow edge fast eyes yellow yellow; | yellow 
of brown watered fine 
around pupil texture 
M Ivel 4] black blue with moderately|medial mild none pale pale pale straw 
nerrow edg: fast straw straw | yellow 
yellow yellow yellow; 
around pupil fine 
texture 
MIv-5 3 black blue with slow medial, mild none white nearly | white 
Darrow brown very white, 
edge around pronounced texture 
Pupil fine 
J V-1 27 black i a ly} medial definite freokles| straw reddish; straw yellow 
brown slow on face,| yellow texture 
— — 


THE END OF BAKING SODA SEX CONTROL——? 


AY back in 1932, when we only 
\ \ | had a depression to worry about, 
Chapter II of the Unterberger 
sex-control mystery burst upon a 
startled world. It all began at the Inter- 
national Genetics Congress held at Ith- 
aca—not in a congress program, but in 
an interview held on the steps or benches 
of the Cornell campus. This “great dis- 
covery”—apparently new to American 
newsmen — captured considerably more 
newspaper space than all of the formal 
proceedings of the congress combined. 
Postmen labored under a Christmas-like 
flurry of mail addressed to agencies such 
as the State Experiment Stations, the 
U. S. Department of Agriculture, and 
the American Genetic Association, which 
might be expected to advise prospective 
parents just how to apply the baking 
soda to be sure of begetting little Junior, 
next time. 

This strange business even extended 
into the larger world of international 
affairs. Shortly after these stirring 
events, the Emperor Hirohito had ap- 
parently established friendly contacts 
with the Sun God and been rewarded 
with a male heir. Hard upon these find- 
ings, the newspapers carried an inter- 
view with birth-controller Margaret 
Sanger, in which she claimed joint credit 
with the Sun God, in that she had writ- 
ten a letter to His Japanese Majesty 
wherein she had explained the virtues 
. of soda bicarb, apparently even when 
taken by mouth. As the writer recalls 
this interview, the implication, based 
on no particular documentary evidence 
from Japan, was that for months after 
this great discovery had been revealed 
the Japanese empress was so_ highly 
charged with “Arm and Hammer 
Brand” that she fizzled when a drop of 
vinegar was applied to her. As later 
events have proved, even this olive 
branch from the West did not succeed 
in stemming the rising tide of Japanese 
imperialism. 

Events in the bicarb industry have 
been chronicled from time to time in 
this JouRNAL. We have commented be- 


fore on the delightfully cockeyed but 
potentially dangerous experimental tech- 
nique developed by the New York News 
to save Unterberger from oblivion. All 
this culminated in that remarkable book, 
“Animal Sex Control,” by the News 
Sex Control Editor, Carl Warren, re- 
viewed in this JOURNAL in June, 1940. 
As appeared from citations of glaring 
misstatements in the text, Editor War- 
ren’s knowledge of the simplest genetic 
concepts was titilating rather than exact. 
But this did not prevent him from stat- 
ing that “the essential scientific question 
is answered. We have controlled the 
determination of sex in rats and rab- 
bits.” Reasons were given in that re- 
view for being very doubtful of this 
brash claim. And the editor of this 
JouRNAL as much as said he would eat 
an entire issue of his own rather dry 
magazine if sex-controller Warren 
turned out to be right. 

Then there were the reports of the 
three experiments published in the De- 
cember issue for that year. It looks as 
though the News-boys had a Chinaman’s 
chance of bringing about this happy 
event in editorial dietetics, when Profes- 
sor Roberts of the University of Illinois 
found some effect, though nothing like 
what was had in the News’ own amply 
publicized experiments. The News’ ex- 
periments totalled 106 males to 321 fe- 
males in the acid series, and 311 males 
to 93 females in the alkali, whereas Rob- 
erts reported 110 males to 159 females 
in the acid series and 165 males to 96 
females in the alkali series, a much 
smaller deviation. 

A point concerning Roberts’ Table III 
may be noted: that the progeny of many 
of the males used in the experiments 
deviated only slightly or not at all from 
equal numbers of males and females. 
The progeny of a much smaller number 
of males deviated greatly. Roberts does 
not report performance of the males with 
untreated females, and the curious result 
of McPhee and Eaton that their control 
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EXPERIMENTAL ATTEMPTS TO MODIFY 
THE SEX RATIO 
in Rabbits and Pigs 


C. McPHEE Orson N. Eaton 
Bureau of Animal Industry, U. S. Department of Agriculture 


tion mechanism is of such univer- 

sal interest that reports of success 
are almost certain to be received with 
uncritical enthusiasm by a large audi- 
ence. The basic reason for this in the 
human family is mainly one of sentiment 
which expresses itself in the desire for a 
daughter or a son at a particular time. 
Although the livestock breeder is moti- 
vated less by sentiment and more by 
financial gain, it is probable that his 
eagerness for a successful method of con- 
trolling sex is even greater. Thus a 
large section of the population is always 
eager to grab up a new sex control the- 
ory. It is unfortunate that of many hun- 
dreds of these theories propounded to 
date, hardly any have any merit what- 
soever and none yet has passed the cru- 
cial test of success in practice, in spite 
of lurid claims. Such procedures have 
only served to befuddle the public mind 
and to make for suspicion. In this way 
probably much more harm than good in 
advancing the cause of science has been 
done by enthusiastic sex-controllers. 


ik control of the sex determina- 


Previous Reports 


Publications on the subject appear- 
ing prior to 1933 were reviewed by Cole 
and Johansson? who concluded that all 
claims that the sex ratio in mammals 
could be controlled were premature. 

Schréder® proposed a theory based on 
the idea that x- and y-bearing chromo- 
somes would be attracted to opposite 
poles when an electric current passes 
through the solution containing the sper- 
matozoa. When rabbit semen that col- 
lected at the anode was used, approxi- 
mately 80 per cent females were ob- 
tained; and when semen from the cath- 
ode was used 80 per cent males were ob- 
tained. About 3,000 rabbits were ob- 
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tained in this work over a period of six 
years. Schroder also studied the move- 
ments of semen under the microscope. 
She observed that some rabbit sperm 
moved toward the anode and some to- 
ward the cathode when current was 
passed through the solution. In semen 
of the cock, where all spermatozoa carry 
the x (or z) chromosome, she observed 
that all spermatozoa moved toward the 
anode. Schroder’s results appear to be 
associated with the acid-alkaline balance, 
since the pH of extracts (protein solu- 
tions) from the anode varied from 6 to 
7.5, while those from the cathode varied 
from 4 to 4.5. These are interesting find- 
ings and should be checked by other lab- 
oratories. 

Warren? summarized the results of 
attempts made by the Applied Research 
Laboratories, Dayton, New Jersey, and 
which had been sponsored and previous- 
ly reported, as results became available, 
in the New York Daily News. This work 
was based on the theory that the acid- 
alkaline balance of the vagina would have 
an effect on the spermatozoa, an acid 
condition resulting in a higher propor- 
tion of female offspring and an alkaline 
condition giving a preponderance of 
males. Rats were used and positive re- 
sults were reported. These results were 
reviewed by Cook*® and he concluded 
that the experiments should be repeated 
in one or more independent laboratories 
before they could be accepted as conclu- 
sive. Results have now been reported 
from three institutions and the results 
are conflicting. Roberts® used essentially 
the same technique as that described by 
Warren’ and his results indicated that 
douching female rats with lactic acid 
was effective in increasing the propor- 
tion of males. Cole e¢ al’ conducted simi- 
lar experiments with large numbers of 
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rats and with a limited number of rab- 
bits and the results were entirely nega- 
tive. These workers also inseminated a 
number of rabbits artificially, using se- 
men that had the pH altered by the 
addition of lactic acid, KH2PO, and 
NaHCO3. This was done since it was 
felt that the douching procedure might 
not be affecting the pH of the semen. 
The resulting sex ratios in the three 
groups did not differ significantly from 
each other, or from an expected 50:50 
ratio. Quisenberry and Chandiramani* 
also report a series of experiments simi- 
lar to those described above in which 
both rats and rabbits were used. In their 
work with rats no significant departure 
from the control sex ratios was obtained. 
With rabbits a significant alteration of 
the sex ratio was obtained but the au- 
thors point out that the number of off- 
spring was small and that the work was 
being continued. 

Following the publication of these con- 
flicting results the Bureau of Animal In- 
dustry of the U. S. Department of Agri- 
culture was requested to undertake some 
investigations to determine whether the 
sex ratio can be altered significantly 
either by douching the female with acid 
and alkaline solutions or by changing 
the pH of semen used for artificial in- 
semination. 


Material and Methods 


In order to test further the possibility 
of controlling sex by controlling the pH 
with such materials as lactic acid and 
sodium bicarbonate, two series of experi- 
ments were undertaken with rabbits and 
swine. The procedures in the two ex- 
periments are outlined below. 

Rabbits were divided into several 
groups. Ten males were selected as 
sires. Each male was to be bred to nine 
females. These females were divided in- 
to three groups, one to be bred normally, 
one in which the females were to be acid- 
douched immediately before breeding, 
and one to be alkali-douched in like man- 
ner. The same females were always to 
be mated with the same male and were 
to receive one each of the three treat- 
ments for successive matings. The young 
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were removed from the doe within a day 
or two after birth and killed by anesthe- 
sia. They were slit down the abdomen, 
the abdominal viscera pushed aside, and 
examination made of the gonads to de- 
termine sex. Testicles and ovaries are 
both in the abdominal cavity at this age, . 
but can be easily distinguished by posi- 
tion, form and place and character of 
their attachment to the body wall. The 
doe was rebred under the next treatment 
from one day to a week following par- 
turition. If she failed to produce a litter 
the same treatment was repeated until 
a litter was produced or until it was de- 
termined that the doe was not going to 
breed further. This made it necessary to 
replace some of the does after but one— 
litter had been born. Some does died 
after producing one or two litters and 
were replaced by others. Several does 
produced from four to six litters, thus 
repeating one or more of the treatments. 
Three of the original males also had to 
be replaced because of failure to produce 
litters. 

The acid solution used was three per 
cent lactic acid. Because of its irritating 
effect on the vagina, and because the 
females thus treated failed to conceive 
in the same proportion as the normally 
bred and the alkali-douched females, the 
acid solution was changed to a two per 
cent solution. For the alkali douch a five 
per cent sodium bicarbonate solution was 
used throughout the experiment. 

The females were douched by placing 
them on their backs on a V-shaped ani- 
mal board; a small catheter attached to 
a syringe containing five cc. of the solu- 
tion was introduced into the vagina. Af- 
ter allowing the animal to lie quietly on 
her back for about one minute, she was 
taken to the male’s cage for breeding. 
None or very little of the solution was 
observed to be lost in the handling of 
the doe. 

In the swine experiment sows were all 
bred by artificial insemination in order 
that studies might be made on the pH 
of the semen. This value was deter- 
mined for the natural semen as it came 
from the boar, for the semen after mix- 
ing with the acid or alkaline solution to 
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be used as the means of shifting the sex 
ratio, and again for the solution voided 
from the vagina after insemination. The 
Beckman pH-meter was used in making 
these determinations. Observations were 
made on the motility of the spermatozoa 
in the solution returned from the vagina. 
Amounts of three per cent lactic acid 
solution mixed with the semen varied 
from 0.4 to 0.7 ml. per 10 ml. semen. 
The alkaline solution used was N/10 Na- 
OH solution varying in amount from 
0.5 to 2.1 ml. per 10 ml. semen. Of 41 
sows used in this experiment, 11 in the 
acid-treated group and seven in the al- 
kaline-treated groups failed to conceive 
even after two or three trials. 


Results 


Table I shows the result of the three 
treatments with rabbits. Approximately 
the same number of litters was born 
under each treatment. The number of 
litters and of young born in the acid- 
treated group was somewhat smaller 
than in the other groups, making the 
average litter size also smaller. This may 
have been due in part to a greater 
strength of the acid solution used during 
the early part of the experiment. At first 
a three per cent lactic acid solution was 
used, but after the irritating effect on 
the vagina was observed, and it was not- 
ed that few conceptions resulted, the acid 
solution was changed to two per cent. 
Although the change resulted in a high- 
er percentage of conceptions, the lower 
litter size persisted. The percentage of 
males produced in the untreated group 
was higher than in the acid- and alkali- 
treated groups, though not significantly 
so. The percentage of males and fe- 
males in the two latter groups was prac- 
tically equal. 

Table II shows the result of the ex- 
periment when tabulated according to 
sires. Only ten sires are listed in the 
table. Early in the experiment it was 
observed that three of the males were 
not going to be good breeders, showing 
a lack of interest in the females and fail- 
ing to produce litters. These were re- 
placed by males 9, 13 and 17. Only one 
of the three discarded males (No. 8) 
sired a litter. This was in the alkali- 
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treated group and consisted of four 
young, three females and one dead, in 
such a condition that the sex could not 
be determined. This litter was not in- 
cluded in Table II. 


Each male sired approximately the 
same number of litters and these were 
almost equally divided between the three 
treatments. The average number of 
young per litter for each sire varied from 
6.5 to 8.4. The differences, however, 
were not significant. Of the ten males 
listed, seven sired an excess of males; 
the other three an excess of females. 


Statistical Analysis 


The data were treated statistically to 
determine effect of sires, dams and treat- 
ments on the percentage of males, on lit- 
ter size and on percentage of young born 
dead. In the analysis of the relation be- 
tween treatments and males and females, 
only those females have been used which 
produced litters under each treatment. 
This naturally eliminates part of the 
data, since some females died before pro- 
ducing litters under all three treatments, 
or failed to produce after giving birth to 
one or two litters. This loss of data was 
not great, however, except for the fe- 
males mated to male No. 3, where more 
than half the females failed to produce 
three litters. 

The females in each sire group were 
first analyzed. For nine of the sire 
groups the variance in sex ratio (per- 
centage of males) between treatments 
and between females was no greater 
than would be expected by chance. In 
the group of females mated to male No. 
15, the uniformity of sex ratio between 
treatments was much greater than would 
be expected by chance. This is one of 
the groups in which an excess of females 
was born. The variance in sex ratio due 
to treatments compared with all females 
combined showed no significant differ- 
ences. Likewise the variance in sex ratio 
between sires and treatments showed no 
significant differences. 

While litter size varied considerably, 
the variances due to treatment and to 
sires did not exceed the variance due to 
chance. 
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It was noted in an earlier paragraph 
that the percentage of young born dead 
was much lower in the acid treated 
group than in the untreated and alkali- 
treated groups. The variance in per- 
centage born dead between males was 
not significant. The variance between 
treatments was significant for the five 
per cent level and closely approached sig- 
nificance for the one per cent level. Just 
why the acid treatment should reduce the 
number born dead is not clear. 

The sex ratio during each five-day 
period showed a nearly parallel fluctua- 
tion between groups from a high to a 
low percentage of males. Thus, one 
period with a high percentage of males 
was followed by a high percentage of 


females. The fluctuation has the ap- 
TASLE 1. tunter of Litters, of youn, ant sex-distribution of 
youn; in variously treated groups of rabbits. 

Untreated] 106 ee 7.7 427 372 w 53.6 
no 7.0 ‘382 361 60.1 
7.4 az 408 36 50.2 
‘Total S23 | 2383 7.4 ne ns 51.5 


° Sex undetermined because in some cases young had been partially 
Cotes by the dam and in other oases cases the young were partially decomposed. 


TABLE il. usher of litters, of younz, and sex tion of 
young in various sire froupe of rabbit 


Tre 
litter of of unde- of 
males 


“One litter of the to grove ene ciret ty male So. e. 
‘Thie aale was removed from the experiment and repleced mle to. 13. 
The litter eired by Ho, @ ie wot included in thie table. 
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pearance of occurring periodically at 
about 20- to 25-day intervals. The 
cumulative sex ratio for these five-day 
periods showed that while the numbers 
of observations were small, the sex 
ratio was more aberrant, but as the 
numbers increased a fairly constant sex 
ratio was reached and maintained 
throughout the remainder of the exper- 
iment. At no time during the experi- 
ment was there a definite trend toward 
an excess of one sex or the other in the 
two treated groups. 

Only a few litters of swine were pro- 
duced in this experiment. The results 
are given in Table III. Since almost all 
the litters were produced by different 
sires and dams, analysis could be made 
only between the treatments. The dif- 
ferences proved not to be significant. 
The number of each sex required to 
give the normal sex ratio for swine of 
52 per cent males is given in the table 
for comparison. 

The pH of the semen as it came from 
the boar averaged 7.25. Treatment 
with acid lowered the pH to an average 
of 5.79, but the fluids of the vagina 
raised it to a pH of 6.06 as determined 
by the solution voided from the vagina 
after treatment. Alkali treatment raised 
the pH to 8.65 and after return from 
the vagina the pH of the solution was 
8.59. The range of pH of the semen for 
individual males ranged from 6.90 to 
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Summary and Conclusions 


Experiments on the value of acid and 
alkaline douche treatments in altering 


TABLE III. Results of sex-control experiments with swine 
Alkali Treated 
Expected* 
Number] pk of period [Number |lumber Percent 
| Sesson _|litters| seaen (says) |females es|Totel| males Tales | 
Fall 1941 6 7.24 113 26 1? 43 39.5 21 22 
ring 1942 ? 7.26 114 37 41 78 52.6 37 41 
Totel 12 7.25 2.65 8.59 43 114 63 se jici 47.9 58 63 
Acid Treated 
Fell 1941 L 7.19 5.72 6.11 48 lle 21 19 40 47.5 19 21 
1942 7.31 5.84 6.02 54 115 32 26 56 44.8 28 30 
Total ll 7.26 5.79 6.06 5h lle =| 53 45 98 45.9 47 51 


‘Number expected for normal sex ratio of 52 per cent males. 


= 
18 106 $2.7 
6.9 
1.3 S68 
6.7 100 $2.6 
6.4 162 48.6 
7.0 49.0 
6.6 10 6.3 
| 
| 
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the sex ratio have been conducted with 
rabbits and swine. In all, 2,383  rab- 
bits and 219 swine were born. 

The results fail to show any signifi- 
eant modification of the normal sex ra- 
tio for the species as a result of the 
acid and alkali treatments. 

At no time during the course of the 
experiments was there any indication 
of a trend such as was present through- 
out the Dayton laboratory experiments. 

It is concluded that acid and alkaline 
douche treatments of the female and 
alteration of the pH of the semen are 
without effect on the sex ratio. 
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Selection Against the Future 


HERE are thus fairly clear indications 

of adverse selective tendencies in the 
American population as regards innate ca- 
pacity to learn. Moreover, these tendencies 
seem to be associated with prominent traits 
of our social order. These traits are demo- 
cratic individualism, the competitive spirit, 
medical progress, and humanitarian sentiment. 
Social esteem is based largely on income, 
property, education and occupation, all of 
which are intimately associated and re-enforce 
each other in creating and maintaining social 
prestige. Education has become a more and 
more essential prerequisite for vocational ad- 
vancement; and this in turn is essential for 
the income neecssary to maintain a desired 
standard of living. The cost of child rearing 
increases progressively as one moves up the 
social scale; and the growing cost of education 
is an ever weightier item in such increases. 
Parents wish not only to avoid a reduction 
in their own standard of living but hope that 
their children may enjoy an ever higher 
standard than themselves. Other things equal, 
the higher the sense of parental responsibility. 
the more anxious parents are to give their 
children a good start in life; hence, the fewer 
children they will have. Nothing is made 
clearer by almost countless studies in all coun- 
tries of western civilization than that repro- 
ductive fruitfulness is associated with poverty. 
Were it not for the poor these populations 
would fail to reproduce themselves. 


Here, indeed, is the tragic dilemma of our 
culture: the greater the degree of foresight 
and parental responsibility the lower the fer- 
tility. These traits are clearly associated with 
high mental and moral development as cus- 
tomarily conceived in our culture. It follows 
that those traits which are strongly developed 
in the broad middle class are associated with 
biological failure, and biological failure with 
social success. (R. A. Fisher, “The Genetical 
Theory of Natural Selection,’ Oxford, 1930, 
p. 222.) As Fisher says: “Classes of persons 
who are prosperous and socially successful 
are, on the whole, the biological failures, the 
unfit of the struggle for existence, deemed 
more or less speedily, according to their social 
distinction, to be eradicated from the human 
stock. The evolutionary task to which the 
forces of selection are harnessed is to produce 
a type of man so equipped in his instincts and 
faculties, that he will run the least risk of 
attaining distinction, through qualities which 
are admired, or are of service to society, or 
even of attaining such modest prosperity and 
stability of useful employment as would place 
him in the middle ranks of self-supporting 
citizens. In societies so constituted, we have 
evidence of the absolute failure of the eco- 
nomic system to reconcile the practice of in- 
dividual reproduction with the permanent ex- 
istence of a population fit, by their mutual 
services, for existence in society.” (Ibid.)— 
Frank N. Hankins, Amer. Jour. of Mental 
Deficiency, June, 1942. 


FERTILITY AND SEX RATIOS IN THE 
RABBIT 


From Semen Treated in vitro with Lactic Acid and Sodium Bicarbonate* 


L. E. Castpa anp R. L. MurPHREE 
Department of Genetics, University of Wisconsin 


vestigations have indicated that 
the determination of sex in mam- 
mals is the result of the presence with- 
in a sample of semen of two genetical- 
ly different and equally numerous types 
of sperm, considerable effort has been 
expended in devising means to separate 
them. The recent wave of interest in 
this problem has centered largely upon 
the so-called acid-alkaline method of 
douching the females. This method 
purports to produce conditions in the 
genital tract which are more favorable 
to one or the other type of sperm with 
the consequent shift of the sex ratio 
from approximate equality. Douching 
with lactic acid solution has been re- 
ported to result-in an excess of female 
offspring whereas douches containing 
sodium bicarbonate are supposed to re- 
sult in an excess of male offspring. 
No attempt will be made to review 
the extensive popular and scientific lit- 
erature available on the subject. The 
results of investigations have been in- 
consistent but attention will be called 
only to the recent reports of Roberts,® 
Cole, Waltezky and Shackelford? and 
of Quisenberry and Chandiramani.’ 
The latter two groups of investigators 
failed to produce a significant devia- 
tion of the sex ratio in rats, whereas the 
first worker reported the douching of 
females with lactic acid before mating 
was effective in increasing the propor- 
tion of female offspring, while the use 
of sodium bicarbonate increased the 
proportion of males. Cole, et al, failed 
also to modify the sex ratio in rabbits 
by acid or alkaline douching. 


Sveti genetic and cytological in- 


The douching method does not lend 
itself to satisfactory experimental con- 
trol of the sperm environment. A vari- 
able time elapses between the time of 
douching and the time of mating. Va- 
riable amounts of the douching fluid 
are lost from the vagina before the 
time of mating and the sperm may be 
subjected to the acid or alkaline en- 
vironment for a variable time. The 
method also does not permit the study 
of the effect of the reagent upon any 
particular characteristic of the sperm 
associated with fertility, for example, 
the survivability of the sperm or the 
speed at which the sperm ascend the 
female genital tract. 

The above reasons seemed to justify 
a study of differential fertilization with 
respect to sex, using animals for which 
the sperm can be treated in vitro and 
on which artificial insemination can be 
practiced. Macirone and Walton® have 
devised methods for collection of sperm 
from rabbits, using an artificial vagina. 
Much information is available on im- 
portant time relationships that are in- 
volved in the reproductive processes of 
rabbits. It was pointed out by Heape® 
that as a rule the sperm reach a point 
close to the infundibulum four hours 
after copulation. It was also shown by 
Barry? that ovulation occurs in the rab- 
bit nine to ten hours after coitus. Ham- 
mond and Asdell,* from experiments on 
the aging of sperm in the female geni- 
tal tract, conclude that fertility begins 
to fall off after about 20 hours. They 
also failed to find evidence** that the 
presence of male or female sex deter- 
mining elements in the respective sperm 


*Paper from the Department of Genetics, Agricultural Experiment Station, University of 
Wisconsin No. 299. This work has been made possible through a grant from the Johnson Re- 
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affected differentially either the speed 
at which they ascend the female genital 
tract or the interval of time that their 
fertility persists while in the female. 

Experiments were devised to test the 
effects of the direct contact of the re- 
agents with the sperm cells. Attempts 
were also made to test for differential 
effects of one of the reagents (sodium 
bicarbonate) upon the speed of sperm 
travel through the female genital tract 
and upon the longevity of sperm in the 
female genital tract. 


Techniques and Materials 


The rabbits used in these experi- 
ments were of mixed breeding and for 
the most part were obtained as adults 
from rabbit dealers. Twelve mature 
males, seventy-two different females 
and five vasectomized males were used 
in this work. Some of the females were 
used more than once. Semen was col- 
lected from the normal males by means 
of an artificial vagina and a dummy fe- 
male. Mating with a vasectomized male 
of proved sterility was practiced to in- 
cite ovulation in the female in lieu of 
natural mating. As will be pointed out 
later, the time of mating to the vasecto- 
mized males was varied in its relation 
to the time of insemination. 

The entire ejaculate from a male was 
divided into two fractions—the trans- 
lucent gelatinous fraction and _ the 
creamy fluid fraction. The latter was 
decanted off and it only was used. Soon 
after collection equal volumes of the 
reagent solution were mixed with the 
semen fraction and allowed to stand 
in vitro at room temperature for pe- 
riods ranging from 12 to 24 minutes 
before insemination. From 0.4 to 1.0 
cc. of the diluted semen was used in 
inseminating a female, the semen being 
deposited in the vicinity of the cervix 
by means of a small glass tube attached 
to a 2 cc. glass syringe. 

Each sample of semen was examined 
for motility shortly after collection and 
again just before its use in insemina- 
tion. A classification was made of the 
degree of motility as high, medium, 
low, or none. No semen was used in 


435 


these experiments which at the time of 
collection showed a degree’ of motility 
less than medium. 

Determinations were made of the pH 
of the semen samples shortly after col- 
lection and again of the diluted sample 
after the reagent had been added. The 
Beckman potentiometer was used in 
these determinations. 

The reagents used were five per cent 
sodium bicarbonate and various con- 
centrations of lactic acid, namely 1.00, 
0.85, 0.75, 0.50 and 0.25 per cent. These 
solutions were made up on the basis of 
weight. CP preparations of sodium bi- 
carbonate and of 85 per cent U. S. P 
lactic acid were used. 


Experimental Procedure and Results 


Treatment of Sperm with Lactic Acid 

The data presented by various work- 
ers,” suggested that lactic acid, when 
used as a vaginal douche, decreases the 
fertility of the treated females. One 
group of workers? failed to obtain any 
fertility when sperm were treated di- 
rectly with lactic acid. 


Experiment 1 

Semen was treated with various per- 
centages of lactic acid, ranging from 
0.25 to 1.00 and used in the insemina- 
tion of 19 females (Table I). The pH 
of the semen-acid mixture ranged from 
7.1 to 4.9. The pH determinations of 
lactic acid mixtures through this wide 
range are probably undependable, par- 
ticularly as they approach neutrality. 

The low fertility observed in this ex- 
periment is in line with the suggestion 
trom the data of other workers. No 
young were borne by ten females in- 
seminated with semen treated with con- 
centrations of lactic acid greater than 
three-fourths per cent but no sperm 
motility was present in these samples 
at the time of insemination. Only three 
litters were borne by nine rabbits in- 
seminated with semen treated with con- 
centrations of lactic acid ranging from 
one-quarter to three-quarters of one per 
cent, and two of these litters were from 
samples showing no motility when 
used. The three litters were of approx- 
imately normal size. There was no in- 
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dication of a disturbance of the sex 
ratio in the 24 offspring. 

Three litters were apparently re- 
sorbed during the latter part of preg- 
nancy. This was 50 per cent of all lit- 
ters palpable at 10 to 15 days after in- 
semination. This percentage exceeds 
that observed on the other treatments 
which will be mentioned below. The 
data are not sufficient to justify the 
conclusion that lactic acid treatment of 
sperm increases the resorption rate but 
they are sufficient to justify further in- 
vestigation. 

The only levels of lactic acid which 
yielded sufficient fertility for sex ratio 
studies were those on which pH varia- 
tions could not be followed accurately. 
It is assumed that well buffered solu- 
tions of mixtures of semen and lactic 
acid lie in the pH range from 2.8—4.8. 
No further attempts, therefore, were 
made to study the relationship between 
pH variations in the semen induced by 
lactic acid and the sex ratio. 

Inasmuch as there was some sugges- 
tion of increased resorption during the 
latter part of pregnancy from the lactic 
acid treatment, an attempt was made to 
determine if resorption was also in- 
creased during the earlier part of preg- 
nancy. 

Experiment 2 

Ten females were mated to sterile 
bucks and inseminated with semen 
treated with one per cent lactic acid 
and were killed 28% to 72% hours lat- 
er. The oviducts and uteri were re- 
moved and flushed with physiological 
saline. Three of the ten females were 
found to be pregnant, i.e. they yielded 
eggs that were fertilized and segment- 
ing and two of these were inseminated 
with sperm showing no motility at the 
time of use. The seven non-pregnant 
females had a total of 54 corpora lutea 
in their ovaries and 46 unfertilized eggs 
were recovered from the tubes. The 
three pregnant females had a total of 
26 corpora lutea in the ovaries and 22 
eggs -were recovered, only four of 
which had been fertilized and were de- 
veloping as embryos. The observed 
proportion of pregnancies (three out of 
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ten) would appear to be comparable 
with the proportion of palpable preg- 
nancies six out of 19) in Experiment 1. 
It was, however, greater than the par- 
turition rate observed above (three out 
of 19). 


Treatment of Sperm with 5% 
Sodium Bicarbonate 


Cole et al? obtained a fair degree of 
fertility on a small number of females 
when semen was treated with sodium 
bicarbonate. No effect on the sex ratio 
was observed. Our initial experiment 
with sodium bicarbonate was intended 
to see whether confirmatory results 
were obtainable. 


Experiment 1 

Eleven females were inseminated 
with sperm treated with five per cent 
sodium bicarbonate (Table II). Mat- 
ing to a vasectomized buck was made, 
on the average, 40 minutes prior to the 
time of insemination. The sperm were 
treated for an average period of 20 
minutes. The pH of the semen was 
changed from 7.0 to 8.0 on the average. 
The average litter size, 8.1, was larger 
than that obtained by Cole and co- 
workers but as with them no modifica- 
tion of the sex ratio was observable 
(49.2 per cent males). Seven of the 
eight litters were obtained from sam- 
ples of sperm which showed no mo- 
tility at the time of insemination. It is 
assumed that the loss of motility was 
temporary and that it was regained 
after the sperm were placed in the fe- 
male genital tract. The resumption of 
motility might, in itself, show a differ- 
ential between the male and female 
producing types of sperm. An attempt 
was made to test this by varying the 
time of ovulation with respect to the 
time of insemination. 

Experiment 2 

A modification was made of the time 
of insemination with respect to the time 
of sterile mating so that there would 
be little or no waiting period between 
the time that the sperm reached the 
upper end of the oviduct and the time 
that the eggs become available for fer- 
tilization. 


Casida and Murphree: Sex Control 


Thirty-one females were inseminated 


approximately 6.1 hours after sterile. 


mating (Table II). This was intended 
to test the sex determining potentiality 
of the first sperm to reach the vicinity 
of the eggs. Twenty-two of the does 
were palpated as pregnant at 10 to 15 
days and 21 of them produced young at 
term. The semen which was used on 
the females producing young had been 
modified from an average pH of 7.2 to 
an average of 7.8 by the addition of 
five per cent sodium bicarbonate. The 
average litter size of 7.8 was similar to 
that from the does in Experiment 1 for 
which the time relationships of mating 
and insemination correspond closely to 
those of natural breeding. The sex 
ratio of the 164 offspring was not sig- 
nificantly disturbed (50.6 per cent 
males). It was again noted that 10 of 
the 21 litters produced under this treat- 
ment were from samples of sperm that 
showed no motility when used. 

The sodium bicarbonate treatment 
failed in this experiment to produce 
any differential in the speed of sperm 
travel insofar as could be detected in 
the sex ratio of the offspring. There 
remained to be tested the possibility of 
differential survival of the two types 
of sperm when required to stay in the 
female genital tract a time longer than 
normal before ovulation. 


TABLE 1. Effects of addition of equal volumes of various concentrations 
of lactic acid to rabbit semen. 


Concentration of lactic acid 0.25%]0.50% | 0.75% | 0.85%] 1.008 
To. females inveninated zt? 3 5 5 
No. femles palpated nreg. at 10-15 2 1 2 1 
Wo. producing young 2 ° 1 
avg. litter size 7-5] 2 - 
mo. of male offspring 6 - - - 
Total no. of female offspring = = = 
TABLE II. Effects of addition of equal volumes of 5% sodium bicarbonate to rabbit 
eenen the required survival time of the sperm in the female genital tract 
for fertilisation is altered. 
Sterile mating before ineemination| Sterile mating 
Sheol by 2-12) sin defore 
No, females inseminated 
Bo. females palpated pregnant 
10-15 dave 22. 26. 
les producing young: 
Avg. interval-sterile mating 
pH of fresh semen used 12 Li 
Avg. treatment period of 
"Avg. pB of diluted semen 
Ls 8.0 
Bo. litters from sperm showing 
‘ty when used 2 
‘Ho. litters from epers showing 
motility shen used 10 
Tose) oo. male offspring ué 
Tom) oo. female offanring 2 
Percent mle offenriog 4942. 
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Experiment 3 


In this test the sperm had to survive 
approximately 16 hours within the fe- 
male genital tract rather than 20 hours 
which was indicated above as the point 
of diminishing fertility for normal 
sperm. This was done because there 
may be some general deleterious effect 
of the sodium bicarbonate treatment. 

Thirty-three females were insemi- 
nated and 28 of these were palpated 
as pregnant at 10-15 days and also 
produced young (Table II). The se- 
men used on these females had been 
treated with sodium bicarbonate for an 
average of 19 minutes, changing the 
pH from 7.3 to 7.9 on the average. 
Two-hundred forty offspring were pro- 
duced but again the percentage of males 
(48.3) was not significantly disturbed. 
No evidence was obtained from this 
experiment that treatment of sperm 
with sodium bicarbonate affected the 
survival of fertility in the male and 
female-producing sperm in a differen- 
tial manner. 


Summary 


Various studies on the acid-alkali 
method of sex control have given in- 
consistent results when the chemicals 
have been introduced into the vagina 
prior to mating. This study has been 
focused upon the effects of these chem- 
icals when brought in direct contact 
with the sperm in vitro, 

Rabbit sperm have been treated with 
solutions of sodium bicarbonate and 
lactic acid and used in artificial insemi- 
nation. No significant disturbance of 
the sex ratio of the offspring was pro- 
duced by either of these treatments. 
Normal fertility was obtained from the 
sperm treated with sodium bicarbonate, 
but the treatment with lactic acid re- 
duced fertility greatly. There was 
slight evidence of increased prenatal 
mortality among the conceptions ob- 
tained from lactic acid treated sperm. 

Additional trials with sodium bi- 
carbonate in which tests were made of 
its effect upon the speed of travel and 
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upon the survival of the male and fe- 
male determining sperm failed to show 
any differential effects. 

The sodium bicarbonate treatments 
stopped all sperm motility in many of 
the samples of semen but these sam- 
ples proved to be just as fertile as those 
continuing to show motility. 
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THREE BIOLOGICAL R’s AS VIEWED FROM SWEDEN 


RECEDING a feast of reason 
wherein he disposes of huge baskets 

of racial rubbish, Gunnar Dahlberg pre- 
sents an excellent elementary discussion 
of formal genetics and principles of mat- 
ing. The author then outlines some of 
the newer concepts of mating “isolates” 
and relates these to the problem of racial 
differences. An isolate is considered to 
be a limited population whose members 
intermarry. “. .. There is no point in 
talking about a race except in so far as 
such a group is an isolate or has recently 
been one.” With most of the races which 
have contributed to European popula- 
tions, intermixture has been so great 
that we can rarely find particular physi- 
cal or mental traits associated with racial 
“types.” This makes claims for genetic 
superiority of any nation over another 
on the basis of racial composition largely 
imaginary, or at least unproved. “There 
are obviously some differences between 
North and South Europeans, but there 
is no more room for large ones between 


the Germans and the French, or between 
the Germans and the English, than be- 
tween North Germans and South Ger- 
mans, or between Frenchmen from the 
North and South of France.” 

There has been less mixture between 
American Negroes and Whites, but the 
author finds no decisive evidence that 
differences between them in social effi- 
ciency depend upon heredity or environ- 
ment. He holds that differences in tem- 
perament and intellect between Jews and 
Gentiles can be explained as readily by 
cultural traditions and interactions as by 
genetic endowment. 

On page 163 appears a couple of sen- 
tences that leave the reader in a pleasant 
fog of revery and speculation. “As a 
matter of fact, intensive inbreeding does 
not necessarily bring about harmful re- 
sults among human beings. Cleopatra 
was the product of several generations 
of brother-sister mating.”—BARBARA S. 
BURKS. 


*Race, Reason and Rubbish; a Primer of Race Biology by GuNNAR DAHLBERG (Director 
of the State Institute of Human Genetics in the University of Uppsala). Translated from the 
Swedish by Lancelot Hogben. Pp. 240. $2.25. New York and London: Columbia Univ. Press 


and Geo. Allen and Unwin, Ltd., 1942 
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THE MANIFOLD EFFECTS OF THE 
SCREW TAIL MOUSE MUTATION 


A Remarkable Example of ‘‘Pleiotropy” in Genetically Uniform Material 


E. C. MacDowELt, J. S. Potter, T. Laanes and E. N. Warp 


Department of Genetics, Carnegie Institution of Washington 
Cold Spring Harbor, N. Y. 


tation called screw tail, in the 

fiftieth generation of brother by 
sister inbreeding of the CSH-Bagg al- 
bino strain of mice, has been reported 
previously.* The present statement ex- 
tends the original evidence of mono- 
hybrid segregation and describes the 
diverse action of this mutation upon 
different parts of the body. This action 
stands out with extraordinary clearness 
and constancy, for in the absence of 
out-crossing, the mutation is the only 
difference in the genotype of the screw 
tails and the normals with which they 
are compared. Although the coiled 
tail at birth has given the name and 
the most conspicuous identifying mark, 
several other effects are less common- 
ly observed in the mouse. Such effects 
include caudad shift of the pelvis, 
shortening of centra of individual lum- 
bar or thoraic vertebrae, elimination of 
segmentation of the sternum, modifica- 
tion of the pattern of cranial sutures, 
reversal of embryonic folding of the 
ear. 

Screw tail adds one more to the list 
of so-called tail mutations in mice that 
have more significant effects on other 
parts of the body.? Subsequent studies 
on the embryological relationships of 
the various manifestations of this mu- 
tation, in comparison with other muta- 
tions and anomalies of the same parts, 
should offer a fruitful approach to 
knowledge of basic processes of normal 
development and to a better under- 
standing of gene action. 


Genetics 


Normal pairs descended from the 
original screw-producing mating have 
produced either all normal young, or 
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normal and screw tails in proportions 
approaching three to one as classified 
at birth. All normal pairs that have 
given any screw tails have yielded a 
total of 2,998 young, of which 22.6% 
were screw tail. This deviation from 
25% is statistically significant. A defi- 
ciency of screw tails is indicated by 
each of the eight major subdivisions 
of the data (by sex and branch of 
pedigree) as well as by the frequency 
distribution of ratios for individual 
families. This deficiency is very prob- 
ably due to higher prenatal mortality 
among screw tail embryos. But the 
relative amount of prenatal mortality 
of screws and normals varies with the 
condition of the mother. Under the 
most favorable conditions screw tails 
reach term as successfully as normals, 
but under adverse conditions, leading 
to high mortality of normals, screw 
tails are relatively very seriously han- 
dicapped. Normal prenatal mortality 
increases with the number of births.® 
This fact is masked by the increase in 
litter size of second and third births. 
The number of corpora lutea per preg- 
nancy for the early litters was reported to 
increase faster than the number of young 
born, but later the number of corpora lu- 
tea remained high while the litter size 
dwindled. Dividing the above data ac- 
cording to the order of birth, 661 young 
in first litters included 25.6% screws; 
2,147 young in second to sixth litters 
included 22.6% screws, and 190 young 
seventh to tenth litters included 12% 
screws. Subdividing the last group, 
seventh and eighth litters gave 14% 
screws while ninth and tenth litters 
(26 young in 6 litters) gave 0% screws. 
Thus under the conditions leading to 
the highest prenatal mortality of nor- 
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mals, all screws were eliminated, but 
under the conditions leading to the 
lowest prenatal mortality, screw tails 
appeared in the ratio of one screw to 
three normals. 

This evidence does not deny the pos- 
sible modification of the proportion of 
screw tails by other influences, but it 
does indicate that these were not im- 
portant. The figures given include the 
young found dead on the morning of 
birth; the observations were made ev- 
ery day of the year without exception. 
These natal deaths include 20.6% of 
the screw tails and 7.9% of the normal 
litter mates. Some of these deaths may 
be supposed to be due to the condition 
of the foetus, which may have died 
before parturition began. In such cases 
the mothers will clean up soupy parts 
and occasionally the tail may be eaten. 
More records of screw tails than nor- 
mals may very possibly have been lost 
in this way, but the number of cases is 


too small to influence the totals. There © 


is no evidence that the mothers of this 
strain eat living young. 

The most significant evidence in sup- 
port of a genic interpretation of this 
1:3 ratio is that this is in fact a ratio 
of 1:2:1. If one gene is the differential 
between screw and normal, % of the 
normal sibs of screw tails from mat- 
ings between heterozygous normals, 
when tested by known heterozygous 
mates, should give screw tails and % 
should give all normals. Such tests 
have been made on 76 females, each of 
which has produced at least 20 young; 
51 of these females produced screw 
tails (22.4% in 2,007 young) and 25 
gave 1,121 young, all of which were 
normal. 

Similar breeding tests have been 
made of 18 normal females that came 
from mating between homo- and hetero- 
zygous normals; seven of these proved 
to be homozygous and 11 heterozygous, 
whereas 9:9 was the ratio expected. 

No young have been born to pairs of 
screw tail parents and only a single 
young has been sired by a screw tail 
male. <A few litters have been pro- 
duced by screw tail mothers and heter- 


SCREW TAIL AND NORMALS 
Figure 8 


New born screw tail with three litter mates, 
showing milk in stomachs of the normals. 


ozygous males. These litters happen 
te give the expected 1:1 ratio with dis- 
concerting accuracy; in a total of 50 
young, 25 were screw tails. 

The preliminary abstract? reported 
apparent differences: (1) in the propor- 
tions of screw tails among males and 
females, and (2) in the sex ratios of 
screw tails and normals. These differ- 
ences have been completely eliminated 
in the present summary based on more 
than twice the original number of ob- 
servations. In each case the totals are 
within 0.5% and in the subdivisions 
there is no consistency in the direction 
of the variations. 


Tail 


The tail of a normal embryo is 
turned straight forward between the 
legs. In screws it lies in the groin and 
bends around the genitalia ; 95% of 114 
successive observations at birth showed 
the tail turning toward the animal’s 
left (Figure 8). No gross abnormality 
appears in the cartilage elements of 
the the caudal! vertebrae at birth, but 
the tendons are short. The vertebrae 
form a spiral around the tendons, which 
are pulled well away from the verteb- 
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SCREW TAIL SKELETONS 
Figure 9 


At left—Sixteen-day-old screw tail, stained and cleared. Original curve of tail replaced by 
three angular bends; pelvis shifted one vertebra nearer the tail, so that the second sacral vertebra 
takes the relative position, form and function of the first, which has lost its specialized charac- 
teristics and resembles a lumbar vertebra. The actual sacrum is reduced to three vertebrae; 
the last of these is identical with the 4th sacral but its normal position in relation to 
the pelvis is taken by the first caudal. The unsegmented sternum and the aberrant pattern 
of the back part of the lower jaw are constant traits of screws; at this age the front part of 
the jaw is still nearly normal (see Figure 13). At right—Screw tail skeleton 420 days old, 
stained and cleared; showing tail bend with dislocation of vertebrae, two spinal kinks and lower 
jaw much thickened in front and reduced behind. 


rae at the center of each arc. The short- 
ness of the tendons appears to be re- 
sponsible for the screw tail at this age. 
since the tail becomes straight when 
these are dissected away. 

Three types of vertebral abnormality 
appear in the later development of the 
tail. (1) The bony shafts of most ver- 
tebrae elongate more rapidly along the 
margin facing the center of curvature; 
(2) occasionally single vertebrae are 
grossly reduced in size, with the reduc- 
tion much more pronounced along the 
inner margin, which causes a_ sharp 
bend of the tail (Figure 9); (3) occa- 


sionally a vertebra is dislocated, again 
causing a sharp bend in the tail (Figure 
9). At the bends the tendons are drawn 
so far from the bones that the tension 
is largely reduced in other regions 
which accordingly straighten out. 
These three types of abnormality ap- 
pear to be distinct, and yet all may be 
interpreted as responses to the short 
tendons. The dislocations may be a 
purely mechanical result. The assump- 
tion that a stimulating effect of moder- 
ate pressure (1) is separated from a 
reducing effect of greater pressure (2) 
by a narrow threshold. would account 
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for the other two types. The pressure 
on the inner margin of a given vertebra 
changes as the bends appear and as the 
tail grows. Since the tail continues to 
grow for some time, there is opportu- 
nity to observe various combinations 
of these different responses. Thus a 
vertebra that was originally under a 
pressure that stimulated growth along 
the inner margin, becomes symmetrical 
when this one-sided pressure is relieved. 
Or again, if the pressure along the inner 
margin is increased, the reduction proc- 
ess sets in on top of the original stimu- 
lation. If moderate pressure stimulates 
bone growth, the articulation of one 
vertebra upon the next should normally 
have a stimulating effect. Thus, in the 
curved tail, the removal of this natural 
pressure from the outer margin would 
actually slow down the growth of this 
margin. When the pressure of the next 
vertebra is entirely removed from the 
epiphyses as in the case of dislocations, 
lengthwise growth is regularly much 
reduced, although at the points of ab- 
normal articulation in such _ cases, 
growth may be stimulated. 

The counts of caudal vertebrae of 
adult screws and normals lie mostly 
within the same range, although the 
average for screws is slightly less. 
Counts on 10 stained and cleared screw 
tail skeletons over three months of age, 
average 29.2 vertebrae, range 28-30, 
compared with as many normals that 
averaged 30.7 vertebrae, range 29-32. 
No adhesions between caudal vertebrae 
have been observed in screw tails. 


Spinal Kinks 


One or more spinal kinks, in the form 
of sharp humps, appear in the lumbar 
or thoracic regions of adult screw tails. 
Two well defined kinks are shown by 
the 420-day old skeleton in Figure 9. 
These result from individual vertebrae 
with shortened, defective centra, which 
are evident in the cartilage stage at 
birth. However the actual distortion 
of the column does not appear for three 
or four weeks, when ossification is well 
advanced and pressure upon the defi- 
cient centra pulls the column out of line. 
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The 16-day skeleton in Figure 9 has a 
defective 12th thoracic centrum that 
shortly, in all. probability, would have 
caused a kink. Thus the defects of the 
centra lead to the kinks, whereas in the 
tail the defective vertebrae appear to be 
the result rather than the cause of the 
flexures. 

The ossification of the centra of de- 
fective lumbar and thoracic vertebrae 
starts from paired, right and left, bone 
centers (Figure 10) ; this double origin 
can still be detected in adults. How- 
ever, the presence of paired bone cen- 
ters does not necessarily indicate a de- 
fective centrum or lead to a kink, be- 
cause the number of paired bone centers 
at birth far exceeds the number of 
kinks found in adults and because 
paired centers appear occasionally in 
the normals in which kinks have never 
been found. 

In addition to paired bone centers 
that are entirely separated at birth, 
screw tails show dumb-bell shaped cen- 
ters even more frequently. These vary 
all the way from two right and left 
centers connected by a thin line of bone, 
to centers with slight depressions in the 
front and back margins. Similar dumb- 
bell centers appear, but much less fre- 
quently, in the normals. | 

In both normals and screw tails the 
paired and bilateral bone centers usual- 
ly occur in single vertebrae between the 
4th thoracic and 2nd sacral, with the 
4th lumbar the most frequently affected. 
In some screws successive centra may 
be affected and occasionally practically 
all, within the given limits, show some 
degree of doubling. 

The defective centra that cause spinal 
kinks in screw tails may represent an 
extreme form of a deviation in develop- 
ment that occurs both in normals and 
in schew tails without deforming the 
spine. 


Pelvis 


A detailed comparison of the spinal 
columns of screw tails and normals 
leads to the conclusion that the pelvis 
of screw tails is placed approximately 
one vertebra nearer the tail (Figure 11). 
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VERTEBRAL DIFFERENCES 
Figure 10 


Bone centers of thoracic, lumbar and sacral 
vertebrae of new born screw tail (4) and 
normal litter mate (B); camera lucida draw- 
ings of fresh specimens. The bone centers of 
transverse processes (black) and the related 
cartilage (outlined) have been added for the 
6th lumbar to Ist caudal. Bands of cartilage 
in both screw tail and normal unite the trans- 
verse processes of the four normally sacral 
vertebrae, but the shift in the position of the 
ilium, shown along side, results in the Ist sac- 
ral of the screw tail developing as a lumbar 
vertebra (see Figure 11). Bone centers are 
double in five vertebrae of the screw and one 
is clearly dumb-bell shaped; in both screw and 
normal. 


Starting with the atlas and axis, the 
first 26 vertebrae are directly compar- 
able, vertebra by vertebra, in screw 
and normal. Passing over the 27th and 
28th, the 29th and 30th are unmis- 
takably identifiable with the normal 
29th and 30th, which are the highly 
individual 3rd and 4th sacrals; the 31st 
to 34th, inclusive, are identifiable with 
the normal first four caudals. The 
Ist caudal is specifically distinguish- 
able from the 4th sacral even at an 
early age by the angle and width of 
the transverse processes, and the 4th 
caudal is an interesting landmark, be- 
ing the last to carry a complete neural 
arch and functioning anterior articular 


processes. Thus all vertebrae have 
been accounted for but the 27th and 
28th, which by elimination should be 
the lst and 2nd sacral; but their rela- 
tionships to the pelvis and their struc- 
ture are abnormal. Instead of carrying 
the main load of the pelvis by broad 
perpendicular transverse processes and 
having its centrum fused with the next 
sacral vertebra, the 27th vertebra is 
entirely unattached, has reduced trans- 
verse processes directed forward, as 
those of the 6th lumbar, and, in relation 
to the pelvis, occupies the position of 
the 6th lumbar. The 28th vertebra 
forms the main attachment with the 
pelvis with transverse processes sim- 
ilar to those of a normal Ist sacral, and, 
in relation to the pelvis, this vertebra 
occupies the position of the Ist sacral. 
Correspondingly the 1st caudal bears 
the same relation to the pelvis as the 
4th sacral in normals (the tip of the 
transverse process in line with the head 
of the femur). Thus the difference be- 
tween screw tail and normal does not 
involve a difference in the number of 
vertebrae but, according to relations 
to identified vertebrae before and be- 
hand the sacrum, is due to a caudal 
shift of the pelvis as a whole with a cor- 
responding modification in the structure 
of the 27th and 28th vertebrae. The 
27th, although by ordinary definition 
a lumbar vertebra, is embryologically 
the first sacral. 

This interpretation finds confirmation 
in the thickness of the transverse proc- 
esses of the 27th vertebra and in their 
variations which include all degrees be- 
tween the broad sacral type to the 
pointed lumbar type, with differences 
between the two sides. These varia- 
tions appear to be correlated with small 
variations in the relative position of the 
pelvis. A final identification of the 
27th vertebra in screws with the nor- 
mal first sacral is made by the cartilage 
pattern at birth (Figure 10), which 
shows the transverse processes of the 
27th in many cases united with the 
three following sacral vertebrae as in 
normals (thus, incidentally, confirming 
the identification of the first caudal). 


444 The Journal of Heredity 


SACRAL REGIONS COMPARED 
Figure 11 

Dorsal view of sacral regions of screw tail (right) and normal litter mate (left), 27 days 
old, stained and cleared. Compare Figure 10 and its legend. In the normal, the 6th lumbar 
vertebra lies opposite the crest of the ilium; the tips of the side processes of the fourth sacral 
are in line with the heads of the thigh bones. In the screw tail the vertebra that started out 
to be the lst sacral occupies the position of the 6th lumbar opposite the crest of the ilium and 
by ordinary terminology would be called a 7th lumbar vertebra; its side processes point forward 
but they are much thicker than those of true lumbars and its articulation with the 2nd sacral 
(now serving as first) is functional, as indicated by the development of its posterior articular 
processes. The 3rd and 4th sacrals (now the 2nd and 3rd) are not modified, but the normal 
position of the 4th is taken by the 1st caudal. The screw tails that survive for a year are much 


nearer normal size than is the case at 27 days. 


In other cases the cartilage connection 
with the 28th may be attenuated or 
cbviously broken. 

The screw tail pelvis in itself seems 
to offer virtually experimental demon- 
stration of an inductive influence of a 
region of the ilium just below the crest 
that acts upon the transverse processes 
of whatever vertebra happens to be near 
enough. In axolotl, Dragomirowa’ has 
proved by actual transplantation of 
pelvic anlagen that this is the case. The 
inclusion of the sacro-caudal border in 
studies on vertebral variation? would 


probably show that some of the ap- 
parently “extra” lumbar vertebrae are 
not variations in the primary formation 
of somites but merely secondary mod- 
ifications of form due to variations in 
the position of the pelvis. 


Sternum 


In screw tails the short sternum con- 
sists of a single broad bone, instead of 
six slender segments (Figure 9). In 
normals, the first segment, which lies 
in front of the second rib, resembles 
the handle of a canoe paddle (hence. 
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SCREW TAIL AND NORMAL STERNUMS 
Figure 12 
Sternum of a screw tail (4) and of a normal litter mate (B) 31 days old; camera lucida 
drawings under the same optical conditions from entire skeletons stained and cleared. The 


elimination of the segmentation of the sternum is an invariable effect of this mutation. 


The 


cartilage ends of the second ribs of the screw tail are in this case unattached to the sternum. 


manubrium); in screws the anterior 
margin remains the same, but the shaft 
is shortened and widened (Figures 9 
and 12). The ends of the 2nd-/th ribs 
are crowded together along the deeply 
serrated sides of a shield-like plate, 
which tapers off into a xiphoid process 
with a normal end. In adults the total 
length is two to three times the width 
of the central region, in contrast to 13 
to 16 times in normals. Compared with 
the longest bone in their respective 
bodies, the tibia, the sternum in screws 
is about half as long (0.49-0.68 times) 
while in normals the sternum is slight- 
ly longer than their tibiae (1.05-1.18 
times). Tibia length in adult screws, 
ranging from 1,40 to 1.63 cm, compared 
with 1.58 to 1.75 cm in normals, indi- 
cates their generally reduced size. The 
foregoing statements are based on mea- 
surements of camera lucida drawings of 
stained and cleared skeletons of 10 
screw tails and 14 normals at least 90 
davs old. 

The screw tail sternum resembles the 
fused middle age human sternum more 
closely than the sternum of the normal 


mouse, and yet in man, and indeed in 
all mammals, the sternum normally 
arises as a series of segments. Except- 
ing the xiphoid process, the screw tail 
sternum arises from a single continuous 
bone center which first appears as a 
longitudinal streak extending from the 
2nd to 6th ribs. This is a wide depar- 
ture from the five short parallel trans- 
verse streaks of bone that originate the 
corresponding parts in normals. Fu- 
sion with the xiphoid process occurs 
early, frequently before birth. 

The patterns of the segmented nor- 
mal sternum and of the unsegmented 
screw sternum are readily distinguish- 
able through the skin of living new 
born young. Since this was recognized, 
the sternum condition has been ob- 
served at birth for all young and the 
association of the unified sternum and 
the screw tail has been invariable. For 
instance, in one particular period of 
time all the young born from heterozy- 
gous parents totaled 105 screw tails 
with unsegmented sterna and 312 with 
straight tails and segmented sterna. In 
the present genotype of screw tail 
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has proved to be a reliable criterion of 
this mutation, but in other genotypes, 
especially if they carry other tail mu- 
tations, the sternum may serve as a 
better criterion for classification at 
birth. 

The general pattern of the screw 
sternum is remarkably constant. Minor 
variations are primarily related to fail- 
ures in the attachment of 2nd or 3rd 
ribs. First ribs are invariably attached 
and so are 4th, 5th, 6th and 7th ribs 
but in 91% of 86 screws at least one 
of the 2nd or 3rd ribs was not attached 
to the sternum. In this same group of 
screws, 75% of 172 2nd rid ends were 
and 13% of 172 3rd rib ends were 

ree, 


Mandible and Teeth 


The influence of this mutation is ex- 
tended to membrane bone by the exist- 
ence of abnormalities of mandible and 
cranium. The lower jaw in adult screw 
tails is over-developed in front and 
under-developed in back, where impor- 
tant chewing muscles are attached 
(Figures 9 and 13D). The strong sweep- 
ing curves of the normal mandible 
which express structural integration 
and mechanical efficiency are replaced 
by the uncertain lines of a disorganized 
-and mechanically less efficient structure. 
The total length is reduced and mal- 
occlusion of the teeth is common. 

The shaping of a jaw is an intricately 
complex process. During the time that 
the fragile lacework of the early bone 
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JAWS COMPARED 
Figure 13 


Side view of jaws and teeth of normals (A 
and C) and screw tails (B and D), 31 and 
394 days old; camera lucida drawings under 
the same optical conditions of stained and 
cleared specimens. At birth the back part of 
the jaw can be distinguished from normal ; 
with age the front part becomes increasingly 
malformed. The roots of the molar teeth re- 
main under-developed and the basal end of the 
lower incisor fails to grow back beyond the 
roots of the molars; later growth of incisors 
is defective and its curvature becomes irregu- 
lar; this jams the tooth in its socket so that 
continued formation of tooth materials causes 
these to back up through the hardened bone. 
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spicules is being hardened into strong 
bone, and even after this, both the use 
of the jaw and the growth of the teeth 
have profound influence. This is es- 
pecially well illustrated in screw, in 
which both the use of the jaw and the 
growth of the teeth are abnormal. 

The abnormal use of the jaw is 
shown graphically immediately after 
birth by the amount of milk in the 
stomach (Figure 8). The mother cares 
for screw tails as atttentively as for 
normals but in 40-50% of the screw 
tails found alive at birth no milk at all 
can be seen (one series of observations 
on 87 screws, gave 51.7% not fed) and 
screw tail stomachs are never as full 
as are those of most normals. Normals 
maintain practically the same amount 
of milk in their stomachs throughout 
the first days, but screw tails show wide 
variations in the amount at different 
times. That these extremely rough 
observations are actually significant is 
indicated by the high mortality during 
the first days. In a series of daily 
observations 66% of 137 screw tails 
alive at birth died within three days. 

The most significant abnormalities of 
screw tail teeth are the deficient growth 
of the roots of molars and of the basal 
ends of lower incisors (Figure 13). The 
root deficiency of both upper and lower 
molars does not become marked until 
the third week, at which time the nor- 
mal roots are evidently longer and 
stronger. In adult screws there is one 
socket for each molar instead of one 
socket for each root of each first and 
second molar. The crowns of screw 
tail molars fit into the bone, whereas 
they normally stand up distinctly above 
the bone. The total grinding area is 
considerably less than normal and in 
practice this is further reduced by the 
frequent failure of the upper and lower 
first molars to meet. 

The basal end of the lower incisor 
normally grows back into the jaw; by 
the eighth day after birth it has passed 
beyond the third molar into the center 
of the back part of the ramus, while 
in screws the basal end has not passed 
beyond the first molar and it never 
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does grow very much further back. 
The failure of the lower incisor of 
screws to enter the ramus of the jaw 
leads directly to a concentration of 
vascularization in the forward part and 
the bony hypertrophy of this region, 
while the back part becomes a thin 
plate. 

The early development of the screw 
teeth shows no obvious deviation from 
normal, although individual molars 
may be lacking or misoriented. The 
eruption of upper incisors is delayed 
about three days; the eruption of lower 
incisors overlaps the whole range of 
normal ages but the average age is one 
day more. The exposed parts of in- 
cisors in screws one to two months old 
are not conspicuously abnormal, although 
a careful study of the surfaces being 
worn reveals that none is normal. This 
is largely due to the misplacement of 
the enamel layer of the lower incisors, 
which is slipped around to various de- 
grees sidewards away from the mid 
line. The worn surfaces of the two 
lower teeth become inclined towards 
each other instead of lying in the same 
transverse plane. In side view the end 
of the tooth is blunt or shows a short 
bevel; from the front, instead of being 
square, the ends are rounded, or they 
may be pointed with the points at the 
sides. The characteristic notch on the 
side of normal upper incisors is lacking. 
Age brings increasing abnormalities in 
both upper and lower incisors. The 
enamel becomes irregular, with inter- 
ruptions. The bite may become so un- 
even that wear is slower than growth 
and the teeth have to be cut. Malocclu- 
sion is aided by a tendency for both 
upper and lower incisors to curve too 
sharply inward. This curvature within 
the jaw becomes irregular, impeding 
the passage of the tooth out through 
the socket, until, in mice over a year 
old, the forward movement of the grow- 
ing tooth is usually blocked. But this 
does not stop the formation of differ- 
entiated tooth materials, which pile up 
at the basal end in cumulous masses 
and force their way backward and up 
through the jaw, until the bone is often 
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pierced (See Figure 13D). Cutting the 
overgrown teeth may sometimes cause 
breaks of the defective teeth within the 
jaw; the broken end may then catch 
in the side of the socket and thus also 
lead to a backing up of disorganized 
tooth materials from the basal end. 


Cranium 


Both the frontal and coronal sutures 
of the adult screw tail skull are marked- 
ly abnormal. The frontal suture is nor- 
mal over the olfactory lobes of the 
brain, with the two frontal bones fitted 
closely together. But over the cere- 
brum the frontal bones are separated 
by an elongated fontanel that exposes 
to view the superior sagittal sinus. In 
a considerable area around this fonta- 
nel the vascularization is virtually ab- 
sent. Along the coronal suture the 
vascularization is heavy. This suture 
is extremely tortuous and complicated 
with separate sutural bones; it forms 
a band rather than a line. Instead of 
meeting the frontal suture at right 
angles, it is deflected backwards to- 
wards the interparietal bone, thus 
greatly reducing the length of the 
saggital suture. In adult normals the 
frontal suture may not be tightly 
closed, but the conditions in the adult 
screw tail cranium are in every case 
consistently distinct from normal varia- 
tions and easily recognizable. Less con- 
spicuous deviations of the skull include 
the reduction of the palatine process of 
the maxilla and other defects in the base 
of the skull. 


Ears 


unique, although inconsistent, 
trait of screw tails is the lengthwise 
folding of the embryonic external ear. 
At birth, instead of a transverse fold 
bringing the tip of the pinna down over 
the opening, one or both ears of a 
screw tail mouse may have the tip 
standing erect and free, with the side 
margins infolded. These longitudinal 
folds are narrow and do not meet; they 
may not be recognized without magni- 
fication. The ear appears to be open, 
but narrow, although, after opening, no 
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difference in ear shape can be recog- 
nized. Such abnormal folding of one or 
both ears has appeared in 33% of 112 
screw tails; the right ear is affected 
four times as frequently as the left ear. 


Eyes 


From the time of the first opening of 
the eyes a sticky exudate is formed that 
intermittently holds the lids closed. 
When not entirely closed, the lids are 
often held half open and the edges may 
be inflamed. None of these conditions 
is seen in normal litter mates. 

Size 

Screw tails are characteristically un- 
dersized and thin. Size is a peculiarly 
unsatisfactory trait on account of the 
secondary effects of nursing difficulties 
and of defective jaws and teeth. Even 
at birth the difference in the amount of 
milk in the stomach adds considerable 
error to weight as an indication of size. 
In one series of new-born litters the 
weights of 15 screws averaged less 
than 26 normal litter mates; 17 of the 
normals were heavier than the heaviest 
screw tail and five screw tails were 
lighter than the lightest normal. Some 
of these litters were reweighed after 
the removal of the stomach, intestines 
and urine; the average for the screws 
was again less, and seven out of 15 
normals were heavier than the heaviest 
screw, while two out of 12 screws were 
lighter than the lightest normal. Thus 
there is some indication of a weight 
difference at birth apart from any ques- 
tion of the amount of food. Many 
screws in the second month are grossly 
undersized, but those that survive 10 
months or more are only moderately 
smaller than normal, as indicated by 
the tibia lengths given in the section 
on the sternum. 


Summary 


A mutation called screw tail appeared 
in the fiftieth brother by sister gener- 
ation of the CSH-Bagg albino strain. 
This is apparently a monohybrid auto- 
somal recessive, according to the inci- 
dence of screw tails and of tested homo- 
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and heterozygous normals from various 
types of matings. In the totals a de- 
ficiency of two per cent of screws is 
ascribed to prenatal mortality, which 
is not selective in first litters but, as 
the normal prenatal mortality increases 
in subsequent pregnancies, becomes in- 
creasingly selective to the point of to- 
tal elimination. The genotype has been 
held constant but for the segregation 
of the mutation. 

A notable feature of this mutation 
is the wide variety of different organs 
which are affected. Marked deviations 
from the normal are described and dis- 
cussed with respect to the following 
characteristics: (1) tail; (2) pelvis; 
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(3) vertebrae; (4) sternum; (5) mandi- 
bles; (6) molar and incisor teeth; (7) 
ears; (8) eyes; (9) skull; (10) feeding 
habits; (11) mortality; (12) size; (13) 
fertility. 
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The End of Baking Soda Sex Control——? 
(Concluded from page 428) 


series almost showed a significant devia- 
tion underlines the possibility that Rob- 
erts’ results may have been due to chance. 

In a letter to the writer, Dr. Roberts 
states that it has not been possible to 
continue the experiments, though he 
hopes that this may still be done. He is 
frankly puzzled by the inconformity of 
results. 

A recent letter from Mr. Warren 
states that for the nonce sex control is 
very dead as far as the New York News 
is concerned : “However, I think it likely 
that nothing much further will develop 
until after the war. In my own indi- 
vidual opinion, science has muffed a 
great discovery which, like Mendel’s, 
may be dug out of the files of the News 
years hence and proved correct.” 

When Mendel’s work was dug up out 
of the Proceedings of the Brunn Scien- 
tific Society, confirmation was immedi- 
ate, unanimous, and overwhelming. In- 
cluding the two carefully controlled and 
completely negative experiments report- 
ed herewith, the present score of at- 
tempts to check the News’ experiments 
is four unequivocally against and one a 
bit perplexedly favorable. Until the 


contradictions are explained, the ‘‘essen- 
tial scientific question” of sex control is 
unsolved, with the weight of evidence 
heavily against Unterberger’s method. 
Mr. Warren appears not to realize that 
science has made a serious attempt to 
come to grips with this “great discov- 
ery.” In striking contrast to the Mendel 
incident, no clear picture emerges. 

It is interesting that just at this junc- 
ture we should have the first announce- 
ment of a controlled experiment in sex 
determination which is 100 per cent suc- 
cessful (Science, 96 :588, Dec. 18, 1942). 
Gowen and Nelson’s technique ingeni- 
ously uses lethal genes located on the 
sex-chromosomes, so that the sex of the 
progeny represents not selective fertiliza- 
tion, but selective mortality of zygotes. 
All of the progeny of the unwanted sex 
die before they really start developing. 
The result of this is that by appropriate 
matings one can have either 100 per cent 
male offspring or 100 per cent female 
offspring. 

But we must not forget that this is in 
Drosophila, where the genetic construc- 
tion of the sex chromosomes is intimate- 
ly known, and where flies with the de- 
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sired pattern of lethal genes can be pro- 
duced at will in the laboratory. The 
experiment is a beautiful confirmation 
of the genetic concept of sex determina- 
tion, but offers no promise of immediate 
or even remote application in animal 
breeding or in human affairs. It shows 
how the job could be done if we had 
complete control and vastly more de- 
tailed information about mammalian 
chromosomes than we have at present. 
Possibly in the smaller laboratory ani- 
mals and in poutlry, the technique might 
eventually be applied. It would be 
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wholly impractical in animal husbandry 
at the moment, and probably for a very 
long time to come. The job of breeding 
superior livestock is complicated enough 
without having to drop every other con- 
sideration and concentrate for genera- 
tions on the structure of the x-chromo- 
somes, and that would be necessary to 
utilize the method. Gowen and Nelson 
have “controlled the determination of 


_sex” in Drosophila; but rats and rab- 


bits, as well as people, will have to go 
on for the present in the old-time way.— 
RoBerT Cook. 


Pruning the Family Tree 


HE major psychoses, dementia praecox 
and the manic depressive group, offer a 
second important fetal indication for contra- 
ception or sterilization. Over a quarter mil- 
lion hospital beds, the largest number dedi- 
cated to one disease, are occupied by patients 
with dementia praecox; patients who from 
their own point of view, as well as that of 
the community, were better unborn. To be 
sure, these diseases can not be entirely eradi- 
cated by restricted mating, for most cases 
develop entirely without any hereditary back- 
ground. But we must all agree with the 
committee of the American Neurological As- 
sociation for the Investigation of Eugenical 
Sterilization when it writes, “there is some 
hereditary factor operating in the production 
of dementia praecox,” and it is safe to say that 
manic depressive psychosis is inheritable.” In 
selected family groups with a strong psychotic 
taint the limitation of offspring, or better yet, 
their complete absence, seems warranted. 
Epileptics are most often not born from 
epileptics, but usually from families in which 
a potential germ-plasm defect exists which 
may manifest itself in epilepsy, or in other 
neuropsychiatric disorders, depending upon en- 
vironmental factors such as: trauma, infection, 
alcoholism, birth injury, etc. On the basis of 
this latent germ-plasm defect in the offspring 
of epileptic parents, and also because an epi- 
leptic mother, during a- seizure, is prone to 


drop and injure her infant, it is best to limit 
the size of these families drastically. 

There are still other hereditary blemishes 
on family trees which make it safer not to 
garner the fruit, or perhaps at the most just 
an apple or two. Ten per cent of our 200,000 
blind are sightless through heredity. One- 
fourth to one-third of those born owe their 
affliction to a morbid heredity. Congenital 
malformations have a tendency to occur with 
unusual frequency in certain kindreds, and in 
some marriages to duplicate the exact pattern 
in repeated pregnancies. Consequently one 
malformed child acts as a yellow caution light, 
and two as a red stop-signal. The mystery 
disease of the newborn, erythroblastosis foe- 
talis, has just within the last year through 
the scientific sleuthing of Doctors Landsteiner 
and Weiner; Levin, Katzin and Burham, been 
shown to have a curious etiology, dependent 
upon the presence of absence of certain heredi- 
tary blood factors in the two parents. 

* * * * 


From my experience in the clinics of the 
Johns Hopkins Hospital, neither the indigent 
nor the mentally defective has a burning de- 
sire to rear a huge family. Most of them 
know they are doing a bad job and would 
greatly appreciate an effortless method of 
curtailment—Dr. ALLAN GUTTMACHER, 
Human Fertility, Feb. 1942. 


GENE-INTERACTIONS IN CATTLE 
CROSSES 


Some Ayrshire Characteristics Determined by Crosses with the Holstein 
and Guernsey Breeds* 


L. O. Gr-more,t W. E. PETERSEN AND J. B. Fitcu 
University of Minnesota 


OLSTEIN-Friesian & Ayrshire 
H crosses have been described by 
Gowen® and Ibsen.* Gowen de- 
scribed two male offspring by a Holstein 
bull and from Ayrshire cows. These 
males were black and white. A picture 
of one shows him to have a regularly 
outlined pattern characteristic of the 
Holstein as contrasted to the more ir- 
regular pattern of the Ayrshire. Ibsen 
describes the regularly outlined Holstein 
pattern as possibly being due to a domi- 
nant modifier of s while the Ayrshire 
pattern is due to its recessive allele. In 
one of the crossbreeds described by 
Gowen the large horns came straight 
from the head and curved upward, pre- 
sumably more like the Ayrshire than the 
Holstein parent. In the other case, the 
horns were thick at the base and extend- 
ed upward and outward like an Ayrshire 
horn. Further details were given re- 
garding the forehead, muzzle, tongue, 
throat, forelegs, belly, shoulders, rump, 
flanks and switch. 

Because of the scarcity of information 
relative to the nature of the color inheri- 
tance of Ayrshire & Holstein crosses it 
seems desirable to report on other ob- 
servations of such a cross and also to 
record the nature of the Ayrshire pat- 
tern as determined by Guernsey crosses 
with this breed. In the course of con- 
ducting a study of color inheritance at 
the University of Minnesota ten matings 
were made between three albino bulls of 
Holstein origin and Ayrshire cows, and 
four matings were made between Ayr- 
shire cows and a grade Guernsey bull 
sired by a pure bred Guernsey and pos- 


sessing the characteristic Guernsey 
markings. 

Using progeny tests including the 
ghost pattern (Figure 144) and other 
markings as a basis for analysis, each 
of the three albino bulls were found to 
be of the Lwlw genetic composition for 
amount of white according to Ibsen’s* 
nomenclature. One bull was heterozy- 
gous for B (Black) as one of his off- 
spring was red-and-white. The reces- 
sive red factor could have come from 
the sire’s red dam. Of the ten cross- 
breeds, nine were black-and-white, while 
one was red-and-white. In all cases the 
color pattern was that of the Holstein 
instead of the irregular pattern of the 
Ayrshire. In Figure 14B, C, and F are 
presented three Ayrshire cows each with 
a crossbred offspring which is typical of 
the Ayrshire-Holstein crossbreeds. It is 
to be noted that “splotches” present on 
each of the dams is absent from the 
crossbred offspring. This same observa- 
tion has been made in two commercial 
herds involving between 16 and 20 Hol- 
stein cows that were mated to Ayrshire 
bulls. Thus, the assumption that the 
regularity of outline of the Holstein pat- 
tern is due to a dominant or epistatic 
condition is substantiated. The pattern 
in the crossbreeds can be accounted for 
further by assuming that both parents 
were heterozygous for the Lw factor. 

Cow 26(Figure 148 )carries the factor 
for pigmented legs (P/) which is also 
present in her son BA7. In addition to 
carrying the pigmented legs, BA7 (Fig- 
ure 14B) also carried some black hairs in 
the switch. From this and other infor- 


*Scientific Journal Series, Paper No. 1968, Minnesota Agricultural Experiment Station. 
+Now at Kansas State College, Manhattan, Kansas. 
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AYRSHIRE AND HOLSTEIN CROSSES 
Figure 14 


A—Albino bull, BA1, of Holstein origin used in crossing with Ayrshire cows. He has a 
“ghost pattern” corresponding to the genetic composition Lw lw. B—Ayrshire cow 26 and her 
son BA/7, sired by the albino bull BA4, of the genetic composition Lw Iw. C—Ayrshire cow 
28 and her daughter sired by the albino bull BAl. D-E—Two crossbred calves typical of the 
Guernsey X Ayrshire crosses. D is male BA14, by a well-marked Guernsey bull mated to cow 
26 (B). She carries the Pl (pigmented leg) factor of the dam. E is a female calf by the same 
Jersey sire as BA14 and cow 28 (C). Note the irregular pattern in both cases. F/—Ayrshire 
cow 25 and her daughter sired by the albino bull BA] (A). 
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HORN DEVELOPMENT OF CROSSBRED 
Figure 15 


The horn development at two years of age 
of crossbred Al6, sired by BA1 (Figure 144) 
and Ayrshire cow 25 (Figure 15/). The horns 
of the progeny of this cross appear to follow 
the Ayrshire type. 


mation gained on pure-bred Holsteins, 
it is temporarily assumed that the black 
in the switch is caused by the same con- 
dition that causes black on the leg ex- 
tremities such as the P/ factor of Ibsen 
and Riddell® or the distal-leg factor of 
Ibsen.> These two allelomorphic pairs 
(Lwlw; Plpl) explain the color distribu- 
tion on all exterior parts of the body 
described by Gowen except for the fore- 
head. From the result of unpublished 
observations, as well as from the results 
of Funkquist and Boman? and Funk- 
quist,' the head pattern appears not to 
be specifically characteristic of this cross 
any more than in matings within either 
breed. The pigmented spots on the fore- 
head of cow 26 (Figure 148) are thought 
to be associated with the pigmented legs 
as is the brockle face of some Hereford- 
Shorthorn crosses in which the P/ gene 
could come from the Shorthorn parent. 

Observations were also made upon the 
character of the horns of the Ayrshire- 
Holstein crossbreeds. As only two ani- 
mals have attained an age of two and 
one-half years, and the horn growth is 
not complete, final conclusions can not 
be drawn at this time but there is indi- 
cation that the extent of horn growth is 
more nearly like that of the Ayrshire 
than the Holstein parent. This observa- 
tion also is in line with that of Gowen. 
The horn development of the crossbreed 
Al6, at two years of age is shown in 
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Figure 5. She is out of cow 25 (Figure 
14F) and sired by BAI (Figure 144) 
whose offspring from Holstein females 
had short incurving horns. 

In the Ayrshire-Guernsey crossbreed- 
ing the sire was a normally marked 
Guernsey bull with some Holstein an- 
cestry and was probably of the Lwlw 
genetic composition. All four of the 
crossbreeds of these matings were red- 
and-white. The pattern of the pigmented 
areas, however, resembled the Ayrshire 
pattern as may be observed in Figure 
14D-E where two crossbreeds are shown. 
Thirteen offspring from Holstein females 
sired by this “Guernsey” bull were 
marked as normal Holsteins. These ob- 
servations indicate that the condition 
causing the Guernsey pattern is different 
from that causing the regularity of the 
Holstein which is either dominant or 
epistatic to it. The most logical explana- 
tion at present is to assume that the 
same condition exists in the Guernsey as 
in the Ayrshire breed. It is interesting 
to note that BA14 (Figure 14D) carries 
the pigmented leg (PI) factor of his 
dam, cow 26 (Figure 14B). 


Summary and Conclusions 


Observations on the color pattern for 
ten Ayrshire-Holstein crossbreeds and 
four Ayrshire-Guernsey crossbreeds are 
reported as well as a note on the horn 
inheritance of Ayrshire-Holstein crosses. 

The gene causing the regularity of 
outline of the Holstein pattern is domi- 
nant or epistatic to that causing the Ayr- 
shire pattern, and also to that causing 
the Guernsey pattern. 

The amount of pigmentation on inter- 
breed matings is similar to intra-breed 
matings and is accounted for largely on 
little white (/w) factor hypothesis. 
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THREE PEDIGREES OF EYE DEFECTS 


Epitor’ Note: There seem to be tides in family pedigree work. The follow- 
ing three brief communications reached the Editor’s desk about the same time. They 
record inheritance for several generations of nystagmus and myopia. Nystagmus 
is a peculiar rolling of the eyes, either back and forth or up and down. It often 
accompanies albinism (see pages 419-428 of this issue). Here are two families 
without albinism which show two different patterns of inheritance—in one as a 
simple dominant and in the other as a sex-linked recessive. 


PRIMARY HEREDITARY NYSTAGMUS 


Case Study with Genealogy 
Mary ALLEN, M. D. 


RIMARY Hereditary Nystagmus is 

that type of nystagmus which is 
characterized by neither defective macu- 
la not albinism. According to Waarden- 
berg,’ hereditary nystagmus may be of 
three types: autosomal recessive, sex- 
linked recessive and irregular dominant. 
The family record and cases here pre- 
sented are dominant in type. 

There are very few cases of primary 
hereditary nystagmus described, al- 
though many genealogies? show the sex- 
linked and recessive type of defect, and 
a wealth of material on temporary type of 
nystagmus in children; namely, spasmus 
nutans. Yawgert of Philadelphia de- 
scribed a family of Russian Jews who 
had nystagmus, but no history of albin- 
ism, no ataxia, and a definite hereditary 
pattern. There was a familial ocular and 
head nystagmus in these cases and cer- 
tain members of the family also stuttered. 
His cases did not show the dominant 
transmission noticed in this genealogy. 


Record of Cases 


While examining preschool children at 
health centers conducted as a part of the 
Wisconsin Maternal and Child Health 
Program, I found two sisters, ages four 
and six years, with a lateral nystagmus. 
Their case histories follow. 

E. P. was a well-nourished, well-developed 
child of four years, who showed a horizontal 
or lateral nystagmus. Her eyes were brown. 
Other physical findings were: 

1. The hair was dry and brittle. 
2. Slight rib flare was noted. 
3. Deep tendon reflexes were exaggerated. 


DOMINANT NYSTAGMUS 
Figure 16 
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Continuous movement of the eyes or head 
from side to side is the main characteristic of 
this condition. It is often associated with al- 
binism, but in this pedigree the individuals are 
all normally pigmented. Dominant inheritance 
for four generations is indicated. 


4. Carpopedal spasm (Trousseau’s sign) 

could be elicited on the left side. 

5. Chvostek’s sign was also positive. 

6. Visual acuity by modified Schnellen 
Chart was 20/40 for both left and right 
eyes. 

7. There was no evidence of albinotic 
fundi on examination with an opthalmo- 
scope. 

The past history as given by the mother was 
not unusual except that when the child was 
younger she had rather continuous movements 
of her head. She had none of the childhood 
diseases, and only occasional colds. 

P. P., the older sister of the child men- 
tioned above, also had brown eyes and a hori- 
zontal nystagmus. The rate of the oscilla- 
tions was less than in the younger sister. 
Other physical findings were: 

1. Slight exaggeration of deep tendon re- 
flexes. 

2. No Trousseau or Chvostek’s sign could 
be elicited. 

3. Visual acuity by Schnellen Chart: L 
20/40; R 20/30. 
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4. No unusual findings by ophthalmoscopic 
examination. 

The child’s past history was also uneventful 
except that like E. P. she had a nodding spasm 
as an infant. 

The following statements, made by the 
mother in giving their history, are in- 
teresting. She said she had been told 
by one physician when the babies were 
infants that if they continued their cod 
liver oil and were kept in rooms which 
were light enough, the condition would 
disappear spontaneously. Evidently this 
condition had been confused with spas- 
mus nutans. Since the children showed 
Vitamin D deficiency this is not sur- 
prising. 

The mother then said, “Their father 
has it, and also their grandmother, so I 
don’t think it will disappear.” The family 
physician wisely told her to pay no at- 
tention to the condition. Further family 
history revealed that two younger boys 
in the family have normal eyes, but that 
the father’s sister had nystagmus and had 
transmitted it to her children, which I 
shall call the “O” Family. 

In the O family, three out of five chil- 
dren have the familia] defect. Mrs. O is 
a sister of Mr. P. and both have dark 
eyes with a fine nystagmus. The adults 
while willing to talk about their defect 
didn’t want to be examined. Neither 
has ever worn glasses. 

In the O family, two boys of school 
age have the defect. Their case _his- 
tories follow: 

Robert was a well-developed and well-nour- 
ished boy, seven years of age. His eyes were 
dark gray. He wore glases for myopia. He 
had a horizontal nystagmus with slight com- 
pensatory head movements. The cephalic nys- 
tagmus seemed worse when the boy was try- 
ing to find the answer to some question. Other 
physical findings consisted of slight rib flare, 
and increased deep tendon reflexes. There 
were no tremors, no ataxia, and no abnormal 
reflexes were present. Visual acuity was: L 
20/70 and R 20/50 without glasses. Glasses 
corrected this to a normal 20/20 for both eyes. 
The fundi were not albinotic in type. 

Edward, aged 9, was not as well developed 
as his younger brother, and was quite nervous 
at the time of the first examination. He wears 
glasses most of the time. Since birth he has 
had both ocular and head nystagmus. Other 
positive findings were: 

1. Thin, rachitic chest. 
2. Poor muscular development. 
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3. Exaggerated deep tendon reflexes. 

4. Fine tremors of fingers and tongue. 

5. Visual acuity was 20/70 for both eyes 
without glasses. 

This boy had the most noticeable 
lesion of any of the cases studied. There 
is a greater amplitude in the movements 
of his eyes, and the number of oscilla- 
tions were approximately one-fourth the 
number per minute noted in the parents’ 
eyes. Nodding spasm is much more 
noticeable. 

The last member of the family is an 
infant who was first seen at five months 
of age. At this time no nystagmus was 
noted, but some time between five 
months and a year, the mother noticed 
the child began to have ocular and head 
nystagmus. When seen at one year, she 
had the familial defect. She was in good 
health otherwise. It is interesting that 
she is the only one in this group who has 
blue eyes. Ophthalmoscopie examina- 
tion was not made. Two children in the 
O family have normal eyes. 

Within the memory of the grand- 
mother of the children there had been 
fifty-four cases. She is dead now, but 
the genealogy given by Mrs. O is in- 
cluded with this case study. There were 
ten cases out of a possible twenty-two 
in the four generations Mrs. O knew 
about. The family is of Polish gentile 
descent, and the children described are 
the third generation in America. 

From this pedigree, the characteristic 
is dominant and not sex-linked. 


Summary 


1. Case histories are given of four 
children with a nystagmus fitting Waar- 
denberg’s classification of Primary He- 
reditary Nystagmus; dominant type. 

2. Vitamin D deficiency concomitant 
with this condition could easily cause 
confusion of the condition with spasmus 
nutans in the younger children if family 
history had not been investigated. 

3. The lesion is probably of central 
nervous system origin, and individuals 
in this group having the more stable 
nervous systems had the less noticeable 
defects. 

4. The family tree is given because 
the condition seemed rare enough to 
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warrant reporting as many individuals 
as possible in the group. 

5. According to ophthalmologists, er- 
rors of refraction in these cases should 
be treated as in cases without nystag- 
mus. 
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A FAMILIAL STUDY IN MYOPIA 


FLORENCE FLACH 
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THREE GENERATIONS OF SHORTSIGHTEDNESS 
Figure 17 
Since practically all cases reported here were affected before they were ten years old, it is 
unlikely that use is a factor in the causation of this condition. The mode of inheritance is 


not evident from this pedigree. 


HIS genealogical chart represents 

several families whose members 
were the subjects of a study (physical, 
sociological, educational. and psychologi- 
cal, with genetic implications) for a 
master’s thesis. 


Genetic Interpretation 


Since practically every myopic indi- 
vidual of generation IV in the chart 
(Figure 17), in Gamma County has 
shown myopic tendencies before the age 
of ten, whereas only around eight per 
cent! of myopes ordinarily do so, it 
seems improbable that “use” has in any 
great degree been a factor in the develop- 
ment of myopia in these cases. This fact. 
along with the presence of myopia in 
at least three consecutive generations. 


points strongly to the operation of one 
or more hereditary factors. 

The cause of myopia in these families 
is attributed by the oculist, who refract- 
ed the greater number of eyes among 
the myopes of these families, to the elon- 
gation of the globe. This is ordinarily 
the result of a recessive factor accord- 
ing to Gates, Macklin, Waardenberg® 
and other students of myopia all of whom 
quote Clausen, who did extensive gene- 
tic research in myopia around 1924, and 
who held that high myopia is a reces- 
sive character. 

In this study myopia is apparently 
transmitted by one of more factors at 
least one of which is dominant. The 
mode of inheritance is not evident. 

Two simple explanations of a manner 
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of transmission may be considered. One 
is that of a dominant trait with reduced 
penetrance. Baur, Fisher, and Lenz? in 
speaking of such irregular hereditary 
tendencies say : 

Many of the genealogical trees showing the 
family incidence of short sight are of such a 
character as to suggest that the heredity was 
in part determined by the influence of what 
are called irregularly dominant factors—this 
meaning factors which usually manifest their 
effects quite simply, but whose working is 
sometimes inhibited by the operation of other 
heredity factors or by that of environmental 
conditions. Of course, if this be so, then the 
appearance of short sight may sometimes be 
due to the cooperation of dominant and reces- 
sive heredity factors. 


However, in these families myopia 
seems to be somehow associated with 
sex, and it would likely be difficult to 
explain this factor in the mode of inheri- 
tance just described. 
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Sex-influenced factors in which the 
factor for myopia is dominant in women 
and recessive in men would furnish a 
very nice approximation to the data pre- 
sented. The only difficulty lies in ex- 
plaining the myopia in IV- 42, a boy, 
since one would not expect myopia to 
appear among the sons of a myopic 
father in this type of inheritance. 
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NYSTAGMUS THROUGH FOUR GENERATIONS 
Marion Leroy BILLINGS 
Department of Psychology, Western Kentucky State College, 
Bowling Green, Kentucky 
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SEX-LINKED INHERITANCE 
Figure 18 
Through four generations there has been a definite transmission of nystagmus from affected 
males to half their daughters’ sons, as is characteristic of a sex-linked recessive. 


HIS is a report of nystagmus which 

has appeared through four genera- 
tions to be added to the limited data on 
the subject. 

John K., a student in the Western 
Kentucky State College, (one of the af- 
fected brothers in Generation V—Figure 
18), has a very marked case of nystag- 
mus. While studying heredity in a 
course in psychology he became inter- 
ested in his own case and the family his- 


tory of it. With the aid of his relatives 
he has worked out the above diagram 
and presented it to the writer. There 
were other men members of the family 
known to have eye trouble but they were 
not sure that it was nystagmus. Such 
cases of which they are certain have been 
given in this report. The diagram above 
tends to support the theory that nystag- 
mus is inherited as a sex-linked charac- 
teristic. 
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animals, and human racial stocks. 


Its membership is composed of men of science, teachers, publicists, 
physicians, clergymen, parents, students, horticulturists, and breeders of 
live stock throughout the world. 


The Association owns the JouRNAL or Herepity, which is published 
monthly and sent to each member without additional cost. Every mem- 
ber is thus a part owner of the JOURNAL. 


Membership imposes no burdensome obligations. The Association, 
which is co-operative in nature, welcomes assistance in research, but does 
not demand it. Members are invited to submit discussions of the results 
of their research, accompanied by new and unusual photographs. All 
papers received will be given full consideration by the editorial board. 


Manuscripts should be sent to the Editorial Office of the JouRNAL, 
Victor Building, 724 Ninth St., N. W., Washington, D. C. 


Proof: In order to facilitate prompt publication only galley proof 
will be sent to authors. 


__ Reprints: On request the author will receive gratis 100 reprints 
without covers. Covers and additional copies will be furnished at 
cost. 


REQUIREMENTS FOR MEMBERSHIP 


Subject to the approval of the Council, any person interested in the 
improvment of the human race or the creation of better varieties of plants 
and animals, is eligible for membership. 


The Association welcomes all who are interested in its program, and 
the Secretary will be glad to answer any inquiries. 


Annual dues, giving the right to attend all meetings, and receive the 
Journat or Herepity, are $3 within the United States and its posses- 
sions; $3.25 in Canada, and $3.50 in all other foreign countries; life 
membership, $50. Subscription to the JouRNAL is $3.50 per year (for- 
eign postage extra). 

If you are not already a member, and want to become one, or if you 
know of anyone who would be interested in membership, write to 


THE AMERICAN GENETIC ASSOCIATION 
Washington, D.C. 
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Material for Demonstrating 
Salivary Gland Chromosomes 


Interrelated demonstration material — microscopic slides, chromo- 
some maps, lantern slides and literature — make giant chromosomes 


available for classroom use. 
MICROSCOPIC SLIDES OF SALIVARY GLAND CHROMOSOMES 
Slide of Normal Salivary Chromosomes of D. melanogaster, each 


ree Slides __. 

Slide with drawing identifying all chromosomes in two ‘figures (Female) 
Slide showing Y-chromosome (Male)... 
Slide showing synapsis of normal and inverted X-chromosome (loop) 
Slide showing figure of an autosomal inversion. 
Slide showing synapsis of translocated and normal chromosomes 
Slide showing a small deficiency (deletion) 
Salivary chromosomes of D. virilis. 
Three Slides 


Normal Somatic (ganglion) chromosomes of D. melanogaster 
(Magnification of at least 1000 X necessary to view ee 


1 Slide of each of above (9 slides—6 drawings) 


* Three or more slides, 1 of each kind @ $3.50 each. Three or more of same kind 


@ $3.00 each. 
SALIVARY GLAND CHROMOSOME MAPS 


Painter’s cytogenetic map of the salivary chromosomes, 9/, by 18 inches, line-cut 
showing major chromosome details and the genes approximately located to end 
of 1934, mailed unfolded _ 

Bridges’ reference map of the banding of the salivary chromosomes, in die 25 dieses: 
halftone on heavy coated paper, unfolded 

Bridges’ Revised Map of the X-Chromosome—9'” x 18”, unfolded 

Folded copies of Bridges’ map, on lighter paper coe ee 

Hughes’ map of Salivary Chromosomes of Drosophila Virilis (9% by 18). ; 

Dobzhansky’s map of Salivary Chromosomes of Drosophila Azteca (9, by 18) 

1 copy each of Painter’s Hughes’ Dobzhansky’s, and Bridges’ two maps (5 mapsinall) 3. ‘00 


LANTERN SLIDES OF SALIVARY CHROMOSOME MATERIAL 


{21-323. Salivary chromosomes in the Nucleus... 
25-464. “Portrait” of a Salivary Gland Chromosome - 

25-466. Giant Chromosomes Compared with “Normal”, showing relative sizes. 
25-469. Synapsis of Normal and Inverted Chr as a3 

25-470. Synapsis of Normal and Deleted Chromosomes 

25-472. Painter’s Cyto-Genetic Map of Salivary Chromosomes (Insert) 

26-62. Salivary Chromosomes and Gonial Chromosomes Compared 

26-62. Bridges’ Reference Map of the Salivary Chromosomes of Drosophila 
26-176. Salivary Gland Chromosomes of Sciara Compared with Normal 

26-178. The Entire Salivary Gland Showing Nuclei (Sciara) 
26-179. Salivary Gland Chromosomes in the Cell (Sciara) 
26-182. Structure of Salivary Gland Chromosomes 
27-206. Three Deficiencies of the X-Chr 
27-305. Map of Salivary Gland Chromosomes of D. Virilis 
29-12. Bridges’ Revised Map of the S. G. X-Chr 

Set of 15 Lantern Slides 
Any twelve of above lantern slides 


t Volume and page number of illustration in the JOURNAL OF HEREDITY. 
ILLUSTRATED LITERATURE 


“Symposium Reprint” on Salivary Gland Chromosomes, containing articles from the 
Journat or Hereniry, 1934-1938, by Painter, Bridges, Metz, Mackensen and 
Hughes—four Salivary Gland Chromosome maps, 15 illustrations, 54 pages $3.00 


AMERICAN GENETIC ASSOCIATION _. 
1108 16th St., N. W. Washington, D. C. 
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